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PREFACE 


This aim of this book is to provide a simple but comprehensive 
course in Business Statistics, and to present the subject in such 
a way that those using the book may acquire an adequate know¬ 
ledge of (a) the procedure for the proper compilation, presentation 
and interpretation of statistical information, and (6) the usefulness 
and imfiortance of statistical method and analysis as an aid to 
the successful conduct of business. 

The training of those who are to become the business men and 
women of the future should include a course in Business Statistics, 
so that when responsibilities are assumed they may confidently 
attempt the analyses of business problems, and be able to 
exercise more efficient control. The control of a business is 
facilitated by an adequate review of the facts obtainable by the 
application of practical statistical methods, particularly when 
used in conjunction with reliable coating methods. A training 
in statistical method is necessary also for those who are to become 
members of the clerical staff responsible for the compilation, 
analysis, and presentation of facts for the information of their 
executive officers. 

The importance of the study of Business Statistics is sufficiently 
indicated by the fact that the subject is included in many schemes 
of study for the examinations for the Board of Education 
Endorsed Certificates in Commerce. In the opinion of the author, 
the value of these certificates would be enhanced if the subject 
were made compulsory os a second- or third-year subject. 

The scope of the book is sufficient not only for the requirements 
of these examinations, but also for those of the London Chamber 
of Commerce, the Royal Society of Arts, and the Union of 
Lancashire and Cheshire Institutes. 

As regards the present treatment of the subject, it has been 
thought desirable to describe first the technique and principles 
of statistical method in so far as these may be in any way 
applicable to business data, and then to supplement the deecrip- 
lion by illustrations (coupled with suggestions) of their 
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application and interpretation. Unfortunately It ha* been 
neoemtary to give a fuller treatment of crtatkiical method and 
theory than wrutkl appear to be naceaaary for ordinary boaineea 
purpo**#, owing to the fact that many question** included in 
examination* in ’Business Statistics indicate that a very wide 
view of the subjec t in taken by the examiners. 

Still, an endeavour has been made to make the book 
aufticuently practical for the application of the fundamental 
principles of statistics to ac tual business needs, and no attempt 
has been made to go further than this. It is hoped therefore 
that the book may assist, in some small measure, to the more 
genera] use of statistical methods in business, 

H. J. VV\ 

St&tntber /fl, tM. 


PREFACE TO SEi ONM) EDITION 

Is tl m new edit ion 1 have taken the opportunity Us make a 
number of addition* to the text and to ciTocl corrections. 

1 desire aims to extend sincere thanks for the many expressions 
of appreciation «ent to me by teachers, Mudeut# and business 
men. 

11. J W. 

tktob* ! f u 
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CHAPTER 1 
INTRODUCTION 

Thkre art* many factor# which influence the aueceas or 
fit if arc of any huttuics*, arid of these some am external and beyond 
the business man’* control, but- other# are connected with internal 
conditions which can be definitely controlled by the application 
of sound management through the exercise of sound judgment* 
bawd upon ascertained facts, In manularluring bueinemNi it is 
now very generally recognised that a suitable system of Coating 
and Coat Accounting is essential to guide the manufacturer in 
the control of his affairs. In all businesses, however, statistic h 
are equally necessary, for it is indisputable that many fact* am 
obtainable only by statistical analyses, enabling accurate 
information to be prosenten 1 in an appropriate manner. 

Ability to employ the technique of statistical method* and 
to interpret the significance of statistical report* is necessary for 
the application of that skill and precision ho vitally important to 
cape with the increasing complexity and vigour of competition 
which exists to day in all spheres of business. 

The Value of Business Statistics may lie broadly summarised 
on follows :— 

1. By the adoption of suitable statistical methods, deter* 
minablo facta can lx* weighed in the balance to assist in judging 
possibilities and probabilities from ascertained result* and 
tendencies. 

2. Training in the subject provides ability not only to 
prepare statistical information, but also to interpret it with * 
view to any necessary action. 

3. Statistical analyses am of great practical value in 
almost every class of undertaking, for assisting in the 
formulation of policy, ami often for the forecasting of business 
conditions of the immediate, ami sometimes the more distant 
future. 

v 







STATISTICS 


: ' : 4> Analyab and eomparfecm of peat facts 
reveal what change* have occurred, and data relating to 
current facta may indicate tendencies which ft is necottaiy 
to retard or develop. 

5. A knowledge of statistical method gives ability to 
undertake market research, interpret statistics of prices and 
other data concerning industry and commerce in general and 
to obtain thereby further information towards the formulation 
of business policy. 


The Definition of SUtisties.- Statistics is a science devote*! to 
the measurement and analysis of facts numerically, and to their 
presentation in a maimer suitable to permit the ascertainment of 
the relationships between those facta. Business Statistics is the 
application of statistical method# with special reference to the 
needs of those in industry and commerce in all its forms. 

Professor A. h . Bowley, in hi# Elements of Statistic*, defines 
the subject as *' the science of measurement of the social 
organism regarded as a whole, in all its manifestations/’ but he 
also refers to it as “ the science of averages " and M the science 
of counting/' Another definition given by W. L. King, in his 
Elements of Statistical Metfosh, states that M the science of 
statistics is the method of judging collective natural or social 
phenomena from the results obtained by the analysis of an 
enumeration, or collection of estimates/* 
v The Main Divisions of the Study ol Statistics may lie regarded 
as follows 


1, Statistical Method, which formulates rules of procedure 
and general principles applicable to all kinds or groups of data. 

2. Applied Statistics, which deals with the application of 
statistical methods and rules to concrete facts or subject matter. 

Applied Statistics may be either 

(«) Durriptin, as whan dealing with known date or records 
relating to the pant, or present. “ Business Statistics ” 
comes within this division. 

(b) Scientific, as whan u sed fo r the dotermin ing of physical 

jatjaghriMtorf jfta^y~^"Tnvo>S^tkm or «Su 

collected for descriptive purposes by statistical methods. 

Applied statisMcir both descriptive and scientific, is the 
division of the subject used by economists, sociologists, bio logists , 


mil other tovest%ato» to demomrtriU* or establish scientific 
Uw* ami theoriw. - 

Business Statistics is a branch of descriptive applied statistics 
which deals with the analysis, meaaumment, and presentation 
of business facts. Business Statistics comes under the heading 
4< descriptive ” inasmuch as the data are collected, analysed, 
and presented, usually in tabulations or graphical form, .to 
provide information upon which executive judgments may he 
formed. 

The study of statistics must include the consideration of 
methods suitable for application in the field of business activities, 
in fact Business Statistics is, as previously stated, the special , 
application of statistical* methods to the activities of business 
enterprise. Stal^lvss^ 

Statistical Method —The collection, analysis, and presentation 
of data, in a manner “which will give desired information, 
necessitates the use of statistical method, which provides certain 
rule* of procedure and principles essential for the requisite degree 
of accuracy, 

For practical considerations. Business Statistics are generally 
dealt with on a broader and simpler basis than is required for 
academic statistical investigations, but notwithstanding this the 
student preparing for examinations in the subject is required to 
be conversant with the main principles of statistical method. 

The scope of Statistical Method to be considered includes :— 

(at) Rules for the collection of data for the presentation of 
tabular, graphic and other reports and statements. 

( h ) Procedure for the questionnaire method of primary 
investigation, 

(a) The compilation of index numbers, 

(<f) The procedure for ascertaining suitable averages by 
different methods. 

(«) Simple treatment of the measurement of variation (din* 
pension) as shown by the deviation of items in a group or 
series from types ascertained in various ways. 

If) Consideration of the extent to which two or move 
groups of data under comparison ate related. This 
relationship is referred to as correlation. 

iff) The study of seasonal variations/business cycles, various 
index numbers, basic trend in business and industey: f ^ 




business mATtmcB : 

business forecasts anti budgets, including budgetary 
control, 

(A) Modes of graphic presentation of facta, 

(i) Interpretation of published statistics and their mo aa 
source# of information, 

(j) The sources of information for butriftess statistical purposes. 

Reference may be made here to the fact that very frequently 
figures are produced which are misleading or fallacious. Some¬ 
times this is due to ignorance of statistical methods, ami some¬ 
times to uxtscrupulousness. There is a difference between 
statistics and mere figures. Figures compiled must be relevant 
to the purpose in view and there must he proper regard to 
statistical requirement# for accuracy. 

It is not true that u statistics can be made to prove any¬ 
thing.” This is true only of figures which do not comply with 
statistical requirements. Fallacious arguments may 1*5 based on 
figures and infonnation which art? incomplete or not representative, 
but such figures are not statistics. Figures compiled having 
proper regard to the principles comprised in statistical method 
cannot support fallacious contentions so long as they are used 
for purposes for which they were compiled, or incidental thereto. 

Questions 

1. ” Statistics can be made to prove anything.” Comment on this 
statement. 

2. '* Figures cannot lie/' Discuss this argument and explain the 
difference between figure* and statistics. 

3. In what practical ways can statistics be of service to a business 
man! 

4. Statistics is the science of counting/' (.Criticise this definition. 
If you are not satisfied with it. state your own. {Incorporated Accoun¬ 
tant* (Final).) 

5. Classify the different branches of statistics, and describe each 
briefly. (Incorporated Accountant# (Final),) 
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PREUMIXARIKft TO THK COMPUTATION OF DATA 


Requirements. —An ail-important step in statistical work to 
the collection of figures and facta, involving consideration as to 
how these may he obtained, and m to the most suitable mode of 
presentation. 

Although this collection of data is commonly regarded an 
simple, it frequently is not, and in any case requires considerable 
thought, inasmuch as the details collected form the foundation 
of the statistical information to lie provided. 

Kvery feature of the problem or inquiry must lie examined, 
so that the pur|K«e of the statistics may bo properly fulfilled. 

Throe as | toots to 1st borne in mind are 

(Ij What information is desired ? 

(2) By w hom is it desired ? 

(3) For what purjKwe ? 

The steps to lie taken aw therefore (<#) to define the problem ; • 
(ft) to determine the available sources of information ; (c) to 
define the statistical units which are to 1 lie dealt with ; (d) to 
deckle upon the mode of t reat men 1, having regard to the purpose 
for which the statistics are required. 

These matters will now be considered in turn. 

Defining the Problem. - -The importance of a dear and concise 
statement of the in formation required cannot lie over-estimated. 

A clear definition of the problem not only tends to closer accuracy, 
but also saves time in the collec tion and arrangement of data. 
When the problem has l>ocn so defined, all relevant elements 
must lie sought for inclusion in the inquiry', whilst the omission 
of facte can tie guarded against, as can the admission of 
unnecessary data. 

In business the information required by the executive may 
necessitate the resolving of the problem into two or more distinct 
statistical problems involving different methods of determination. 

This often occurs, for example, in reference to information 
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required concerning factory labour and wages: Is it wages earned 
or wages rates about which data are required ? Must the 
atatfctic* concern all employees, or separately, grades, and men 
and women ? Should lost time, overtime, piece-work, and 
bonus payments Iw included or allowed for ? Should receipts 
in kind be included) Consider, for example, the particulars 
oc mi pi led in the statist iml report given in Fig. 5. 

The problem having Imhui defined, the investigation can he 
planned, 

Planning the Inquiry. 

1, /Vrp^tfv—When planning, it is desirable to know the 
purpose of* the investigation. This knowledge serves ns a guide 
during the course of collection of information, and enables: the 
compiler to decide quest ions and difficulties which may arise in 
the process. 

The purpose Ixdng kept in mind ensure* uniformity in the. 
disposition of difficult items. 

The purpose may l>e general or specific. Thus iti a business 
there may be it general scheme for recording comprehensive 
statistic** for basic records. hut more* usually there is a tqxM'ific 
objective. and only those items concerning the speeilie end in 
view are collected, as. for instance, the fx?roentngo efficiency of 
pilwe-workers iti a factory. 

Examples of statistics compiled for general purjs>ses are the 
Census of Population, Census of Production. Hoard of Trade 
ItoturriH of Import# and Exports, etc. 

2. Sotpe.-'-Tlw collection of data in business for the general 
purpose of basic records must, obviously lx* comprehensive, with 
the danger, if not limited in scope, of the accumulation of 
statistics that have little or no value. It is therefore desirable 
that statist teal compilations should lx* only for such specific 
purposes iw will assist the management in its control of definite 
aspects of the organisation. This is a matter which requires 
careful consideration, as no compilation should be undertaken 
unless of actual practical service to the management. Further, 
the cost of compilation must. W weighed against the value of 
the information to lx* afforded. The principle involved is the 
same as that applicable to any service or p reluct ion department— 
namely, the provision of only such service or production as can 
be profitably utilised. 
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It follow* that before the work i* commenced the extant of 
the data required should be determined. For some purposes 
full record* may he unnecessary, and the desired information 
can be obtained from a review of selected representative facta, 
i\r. bv the method known m '* sampling/* which w ill be dtacuftiied 
in a later chapter. 

Degree of Accuracy. -Complete accuracy may 1>© attainable, 
and i* required. in many eases, hut not in others. For many 
statistical inquiries a reasonable degree of accuracy is all that ia 
necessary or obtainable. Having regain 1 to the purpose* of the 
compilation, a decision must Ik* made a* to the degree of accuracy 
desired, and the plans for collecting the data arranged accordingly. 
The standard of accuracy should he stated, indicating if |>o#sibkj 
the limits of probable error. 

Sometime* an approximately accurate report presented 
sjieodily is more valuable than a precise one delayed. 

Statistical Units, -The compilation of statistics necewMiatea 
counting <»r measurement, hence ii i» essential to define the unit 
or units to avoid the danger of falls* iotts results through the 
inclusion of items which should be omitted, and the omission of 
items w hich should l>e included, It is self-evident that we should " 
know what is to be counted or measured before loginning the 
collation of the data, hem e tin? vital importance of defining the^ 
statistical unit which U to form the ba>i> of anv group of data. 

The definition of the unit is not always as simple as would at 
first apjK*ar to he the case. The meaning of a word commonly 
understood in conversation or in ordinary writing ia frequently 
too wide, and for statistical p*irj»o*es a restricted apcxrification or 
urmmtakable definition must Ik* applhsi. A little reflection on 
the following words will rtn-e.il the need for precise* tq aerification 
in each case; prices may l»e retail, wholesale or cost ; accident 
may refer to a slight or serious injury, one officially reported» 
or on© resulting in a compensation claim ; wages may be the 
amount earned by workers direct ly engaged in prod notion, f>r by 
all labour in the workshops, or by all in the business ; it may 
include overtime and bonus payments. 

When considering published statistics on trade, shipping, 
unemployment, the exact interpretation of them iiftceoiiteto* a 
clear conception of the units dealt with ; some observations on 
the*© are given in a later c hapter dealing w ith published statistic*,^ 

Not only must the unit be unmistakably defined ? but it must 
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«ko lie clearly umier*h>o<l by all taking j>art in the enumeration 
and compilation of the data. 

The Requirements for a Statistical U nit may bo summarised thus: 

(1 ) It must ht Sjweific and U'nmiHuhihh. If other moaning* 
than that adopt** I apply to the term used, instruct ions m to 
method of treatment in the compilation must he staled. 

(2) It Musi be UomoffeHMM*. This uniformity is essential. 
The unit uniat not imply different features or characteristics at 
different times and places. II the selected unit is not applicable 
tu all the eases coming under review„ it is often passible to over* 
rouia the difficulty p<) by subdividing the data into groups or 
clort&e* until mi ili« ient uniformity bun Ix-cn secured, (b) by 
expressing dissimilar unit* in terms of equivalents of the 
selected unit. IC.y. if the output of bakeries for a jierind were 
lw*ing compared, some producing I. 2 and 1 lb. loaves. all 
sdy.es could Im reduced to the equivalent of 2 lb. loaves, which 
would probably he sufficient for the purpose* of the comparison. 

(H) ll Should hr, Stable. When it i> desired to use a 
fluctuating unit Mich us the dollar or £ sterling, the value* on a 
particular elate may la* wire led as the standard unit into which 
current values may be converted by the' nan of suitable 
eocffleitmtH. Thus if the £ this year will buy only as much as 
Ifw. at a standard selected date, the coefficient applicable is 
0’7e. so that i fno this year represent* £77 as measured by the 
standard V. sterling unit. 

(4) It Must hr. Appropriate tu the Inquiry and be Capable. 
f *f i'ftrrHi Jwcrtoinnir.nt." The riumU/r of employee* on the 
stall of a factory from tin production engineer's {mint of view 
is number engaged in his workshops, but from the standpoint 
of the general manager it is the production staff, augmented 
by the employees in the service departments and offices plus 
those of the sales department, When compiling labour 
statistics, it is necessary to select the unit appropriate to the* 
information required, * <j. workers engaged directly on produc¬ 
tion, those employed in indirect factory services, those in the 
administrative office or in the sales department. 

Types o( Statistical Units I Simple Statist iral Unit , such m 
many in common use, c.<y. yard*. pound* weight, bushels, hours, 
reams, £ sterling, marks, lire, vie., an? not difficult to define, 
(■are lias to l*e taken in the actual use of some of them. For 
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example, a rmm may be 500 or 512 fthwto, a tom may refer to a 
long ton or 2240 lbs., a mdlrk ton of 2204 0 ib*., in shipping a 
measurement ton of 40 cubic feet, gross tonnage representing 
the cubic feet capacity of a whole vessel divided by 100, and soon. 
Again, monetary units vary from time to time, and the same 
unit may have a different value in different countries; hence 
allowance for such variations must !>e vonaidem]. A working 
day may lx^ one of say in, s or ft hours, according to the industry ; 
hence statistics concerning working days must Ik* considered 
accordingly, and the day defined. 

J ('oftipttsifa Unit may have to l>e used in some eases. Thus 
electric power may l>e measured in units of kilowatt hours; 
railway transport in tun miles fi.r. number of* tons >; number 
of miles carried). omnibus transjHul If i bus miles ; labour force 
in dire* t labour hours . velocity in fevt |mt second or miles per 
hour . pressure in fool pounds pci minute and so on, 

Classification of Statistical Data. Data are usually classified 
T*n the basis ol proximity to original obsorx at ion- into twoebmw : 
{a) Primary, (h) Secondary. 

/Viww/ry I tufa are data gathered by original observation, 
measurement. count, or origmal recordings. 

S?ron*btnj Jktt‘1 are those employed winch have been gathered 
originally by someone else. For example, data collected for the 
official (‘eiiMis of Production arc primary data for the OilMJft 
officer, but nnt secondary data when used by others. 

Figures < olleeted in the actual field of enumeration or ohservn* 
tmn are primary data, hut figure* taken from rejmrtK prepured by 
someone else are secondary data. 


Qi rstiovs 

1. Indicate the mam uses »»f Statistics. (1 nmrjnr'tfed Accountants 
( Final), f 

2. Illustrate the difticultif* of determining the statistical unit. What 

are its necessary characteristic*; {/arorpomf *d Accountant* (Final) ) 

3. DUciihh the important of exact definition in statistics. 
Illustrate your answer by reference to either in) occupational statistics; 
or (b) fltatitfLira of the Balance of Trade. i fxmdon 1'kt%mb*r of 
( ommem.) 

4. Why i* statistical science iieoemary, and what are iU umil 
{Incf/rfMj/ratcA Accountants iFinal}.) 

5. If you wen* invited to inquire into the wiiges jMud in any 
industry, on what points would it he essential to In* clear Indore you 
commenced work (Inrorpomhd AtcmtntoniA {Final).) 
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HOUItFES OF DATA 

I. Ftm General Statistic al Purposes 

Methods of Obtaining Primary Data may be eonaklered under 
three headings 

1, Per/tonal ('oUertirm . 

(«) For general statistical purpose* the method of personal 
observation and collection of data may lw used for 
localised inquiries on any particular subject. 

(6) For business purposes all the internal records of production, 
labour time and wages, machine oj crating and idle time, 
stores receipts and issues, details of cost, administrative 
and sales records compiled inlernally are primary data, 
consideration of which will U? dealt with later. 

(e) Personal interviews to obtain answers to selected questions 
may be resorted to when available informers are reluctant 
or indifferent, when the investigation is one of complexity 
or when question* need explanations. 

2* Bp Scheduled Questionnaires, 

(«) Delivered and collected by canvassers or enumerators 
who may help the recipient to till in the answers. This 
method usually produces good results (see (r) above). 

(6) Postal to informants who are aaktxi to return the forms 
by post. It ha* the disadvantage that in a public dis¬ 
tribution many do not trouble to return the forms. The 
method may usually Ik? used successfully for many 
business am) industrial inquiries. 

If. Bp Jjoatl .Report* based on the observations of selected 
correspondents or local agent*. Husiness representatives 
can help considerably for certain type* of inquiry. Market¬ 
ing data are frequently collected in this way. The data 
thus collected may be incomplete or biassed, but for 
some types of inquiry the method is sufficiently reliable, 
ia 
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and lea* expensive than the procedure of sending direct 
questionnaires. 

Sources of Secondary Data,— (1) Internal reports and data 
may be prepared from interna! reports and statement* compiled 
from primary data; from reports from other business concerns; 
or from published business reports, The financial accounts and 
statements, usually prepared with great accuracy by the 
accounting department, and mortis and accounts compiled by 
the production and costing accounts. may l>e utilised by the 
statistical department for preparing lolministrativeaiKl production 
statistics, 

(2) External.- .For general statistical purposes much useful 

data collected by others, usually for other purjKmes, may be 
utilised as secondary data. 

In connection with such information it is necessary to know : 

t'u) How far the dal a of the compiler arc reliable, and whether 
ho had the ability to obtain the true facts, 

(A) The degree of acc uracy of such data. 

{*') From what source or sources were the data obtained. 

h/j For what object was the primary compilation made, 

(c) By what method the data were collected. 

Kvternal secondary data may Ik? obtained from :— 

(i) Primtr report* from business and other agenciesspecialising 
in certain directions, Trade Associations and sometimes 
Chnmhora of Commerce. 

(ii) Published Informal urn T * a* for example : 

Ur) Official publications by (government Department*, 
Municipalities, The league of Nations, Royal Com- 
missions, Foreign (tovermnenta, etc. 

(b) Trade Asset:intions, ('humbora of Commerce, Banks, 
Societies. Stock Exchanges, etc, 

(r) Technical and trade journals, book# and newspapers. 
tr/> Report# by economist#, statisticians, research agencies, 
University bureaux, educational associations. 

Scrutiny of Primary Data.—Business data obtained internally 
should be. and usually are. subjected to some form of check 
whcnel^'ilcvors, omissions and defective reports may be remedied. 

* Described in diopter AX. 
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'Externally collected data am left* easily verified, but all should 
Iks edited to discover inconsistencies and probable errors and 
omissions. Incomplete or defective schedules may have to be 
returned, unless it is possible to insert additions or corrections with 
reasonable safety. Manifestly erroneous figures and very un¬ 
satisfactory schedules should be ignored. In nearly all cases it 
is bettor to have a smaller number of correct schedules or data 
than to have a large number which includes many incorrect 
details. In the first case mathematical approximation may 
provide some remedy, but in the second cane this is impossible. 

Scrutiny of Seeondary Data, -in addition to the inquiries 
referred to jiliove in connection with primary data, rarej piupt 
J>e taken to nee that teruitfuised and the unite ciuployod curm>jM>nd 
w HTT thoMe the investigator is using, A slight variation in 
defiWtrionnt terminology may lead to serious discrepancy. 

Continuous reports on a matter, particularly those covering 
a number of years, tuny not. 1 k v strictly comparable owing to 
minor adjustment* or changes in point of view of the compiler*. 

The co mprohensivcncss of the data should he particularly 
scrutinised. Thus unemployment statistics may refer to : (<*) 
all unemployed : (b) unemployed {arsons who are. members of 
trade unions; or (c) only f boso w ho are State insured t as in the 
ease of the Ministry of Labour's figures. 

In general, it must lx> emphasised that the original purpose 
for which data have l*een collected mu*t l>o liome in mind and 
carefully i^msideml Indore they art' used for another statistical 
purpose. The suitability v adequacy and reliability of data for 
the purpose in view must 1 m* established by careful examination, 
particularly w hen obtained from external sources. 

Haeaasary Attributes of Data A review of what is implied 
ill the above remarks will assist in showing their importance : — 

I. h'dinhifily. 

pi) Are l»oth the source and original compilers trustworthy? 

(ft) Were proper methods and safeguards applied in the 
collection of hu ts ? 

(r) May there have l*o*m deliberate or unconscious bin* on 
the pari of the compiler ? 

[d) When were the data obtained and can that time be 
regarded as normal t 

(«*) What degree of accuracy was aimed at ami to what 
extent w as it secured ! 
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The degree of accuracy although reliable enough for the 
original inquiry, may not be accurate enough for another purpose. 

2, Suitability for the purpose in view ha* to be considered 
apart from reliability, as may be aeon from the following examples: 

(a) Prices may refer to a chow of commodity, e.$. per ton of 
paper, irrespective of the weight j*er ream,, which varies 
with the quality ami thick ties* of the paper; steel, wool, 
cotton or grain prices may include various qualities, or 
Iw hawed on an average of different markets, instead of 
txdng for particular qualities or hx*alities. 

(M Wages may refer to all grades, or to men and women, 
instead of to a desired grade, w*x or nctuipution. 

(r) Sales may represent orders received, orders despatched or 
orders charge! and paid for. and may include either, or 
both, wholesale ami retail sales. 

:i. Ath-quartf* Although reliable and suitable in character 
data may he inadequate for another purpose. 

in) Data may refer to a more limited or too extensive an 
area. 

ih) It may not cover suitable [*eriods, c.tj. yearly instead of 
inont My. 

(r) The degree of accuracy given. < .<y. to t he nearest 1000, 
although sufficient for the original purpose. may he too 
wide for the purjiosc in mind. 

11. Sot ;robs of lit sixties Data 

Attention may now lx? directed more particularly to tho 
source* of statistical data in a modern business concern. 

There is no doubt that comparatively few business concerns 
have adequate statistical information. notwithstanding that u 
considerable amount of important primary data art' regularly 
recorded for other purposes. It is true that many businesses 
conducted on modem lines are an exception to this general 
statement. Further, the development* in commercial education 
are helping increasingly towards a more enlightens! body of 
business executives, who an) able to realise the value of. and 
make use of, the valuable information afforded by an appropriate 
system of costing augmented by statistical reports. 

Primary Busium* Recards. Maity records of original entry 
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prepared for purposes of counting and permanent records 
contain much detail, and, being based on proved primary data, 
they are the most valuable sources of information with which the 
statistical department can work. The records ami statements 
regularly prepared by the Accounting and Costing Departments 
may he regarded as highly satisfactory secondary data upon 
which the statistical department can work, I because &» a rule they 
have been carefully prepared and checked against key figures 
or controls of the accounting departments. 

ft'portal Primary HmonU may also he required involving the 
collection of further new data ami facts; but even for these it 
may often lie arranged for the provision of the necessary data by 
an elaboration of certain details at the time of preparation of the 
usual reports and accounting records. If this is done, the 
exfiense and time attached to direct apcmal collection by the 
statistical department art* avoided. 

Classification of Business Statistics, ft. may Ik? amimed that 
the management of all business organisations require statistical 
information for adequate control. 'Hie following is a broad 
classification of the information which normally will be 
advantageous : 

1. Statistical statements or reports concerning the purchase* 
of mater inis and expenditure on services and business excuses. 
Purchase control is an important matter. Internal Index 
Numbers showing the trend of prices and of production are 
in valuable. 

2. In many buniiMMsea, data concerning production quan¬ 
tities. costs and efficiencies. 

3. Statistics relating to employees, their occupations, 
earnings, service, output, efficiencies and conditions. In large 
hiMinesse* the extent anti effect, of lalmur turnover on costa 
have been revealed bv statistics. 

4. Statistic* concerning marketing, sale* and distribution, 
and the relationship of stocks for sale. Various methods of 
indicating trend, not only of prices#, but also of public taste 
can be presented. 

f>. Statistical compilations facilitate budgeting and 
budgetary control, with the advantage* of estimating in various 
direction* for the immediate and distant future. 

fi. Information concerning capital, its acquisition, die- 



portion, wm taAjtoib return upon it Statistic* relating to 
ftxni capital in* ill farm of plant, etc., and of tiouting capita!, 
particularly that looked up in stores materials and finished 
stock*, must be reviewed frequently having regard to the 
extent of liquid resources. 

In presenting such information outlined above, the method of 
presentation, whether in tabular, graphic or diagrammatic form, 
is a matter which demands a knowledge of statistical method, 
and the ability to select- the most advantageous manner of 
conveying the desired information to the executives. 

l*i Urge establishments the scope is, of course, greater than 
in small businesses, but in every case some knowledge of nxnug- 
uiHivi statistical methods is an advantage. 

,* 

Qv KSTfONS 

I, What main factors must he home in mind when compiling data ? 

1?. What are the requirements for n good Matintical unit? 

,T Distinguish between primary and secondary data, and state 
V» wlmt extent they may he considered reliable. 

I. What information would you require to satisfy yourself m to the 
reliability of secondary data } 

From w hiii nauro-.s in) internal, \!A external, can useful statistical 
data lx* obtained hy the statistical department of a business * 

b. Name four ways in which statistic* may be of wrviee to a 
manufacturer. 

7. Write notes uf*m the questionnaire method of primary 
investigation. (London < homftrr of Commerce.) 

H. Ltiscttas the importance of exact definition in statistics. 
Illustrate your answer by reference to either (a) occupational statistics, 
d >) statistics of the Kalanre of Trade. (London Chamber of Commerce.) 

ft, ltaacritw sources of statistical information on the conditions of 
any industry known to you. (London i?hami>er of Cammtm.) 

Iff Why are schedules in charge of enumerator* the boat method 
of conducting extensive statistical inquiries? (/ nrorponrffd Accoun* 
tanh (Final).) 

IF What are the ml vantages and disadvantages Of collecting 
ic-JExI data by means of schedules to be tilled in by informants 1 
(Inawporataf Accountant# (Final).) 

1- Clarify the method* of statistical investigation, and stale 
1 briefly their respective merits and demerits. (I ncorporatrd Acmun- 
ta>Ut (Final).) 
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STATISTIC AL SAMPLING 


Representative Items or Samples. - For many purposes 
approximate and sufficiently accurate information concerning a 
mas# or group of items run in* obtained by selecting consciously, 
or at. random, a mini tar of represent alive items or sain plea, 
which when reviewed am) interpreted enable approximate con¬ 
clusions to ta established concerning the whole group. Random 
selection, when made <»f a reasonably large number of item*, gives 
a sufficiently reliable picture or indication of the whole group of 
which the Ham pie* are a fwrt. The methetd naves the trouble 
and expense of complete enumeration and analysis, and for 
many purjwwes leads to surprisingly accurate t onchisiom*. 

The u Population " or M Universe.’* -—Hu* group of data from 
winch samples are taken is termed the ‘ population *’ or 
" universe.” For example, if the output of, say. !<H> pieceworkers 
producing a certain article ta sobvted at random from, say. 1000 
workers, these outputs will Ik* reasonably representative on the 
average, of the output of all the workers. The population or 
universe is the entire group of loon output quantities. 

Not only is this an economical method, but, at times, is the 
only method of obtaining certain kinds of information, particu¬ 
larly when the 4 ‘ imputation *' of the items is very extensive. 

Two Basie Laws. - This method of statistical induction is 
based on two general laws ; (*t) The Uw of Statistical Regularity* 
(h) The Law of Inertia of l-urge Numbers, Them) laws or prin¬ 
ciples art* an important feature in much statistical work, par¬ 
ticularly in relation to sampling, and should ta fully understood. 

Law of Statistical Regularity, -'rids states that a reasonably 
large nuintar of items selected at random from a large group of 
items, will, on the average, be represenunh e of the character* 
1 st ies of the large group (or " imputation 

Tho imjKUlant features an* : — 

(a) The select ion of samples must be made at random, as for 

16 
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lottery method, m that every item in > 
the u popmafckm ” him a chance of being a wimple, 

{b) The number of samples must Ik? latge enough to avoid the 
undue influence on the average of abnormal items. The 
larger the number of item** selected the more reliable in the 
information -afforded. It can be shown from statistical 
calculations that the reliability of the indication of the 
sampling is proportional to the square root of the number 
of items included. (See jw*gc Ktg.) 

The principle may Ik* illustrated by some simple instances. 

(1) Assume a sack contains 100,000 discs red cm one side, 
black on the other. If successive lots of 100 are taken out and 
dropped haphazard, the numbers of mi Hiirfu^es and of black 
ones will he approximately equal, and the greater the number 
of lots ho dropped the more close this equality is likely to be. 

(2) If the percentage return on invwted capital of a enn- 
sideral.de number of dra|»ery stores throughout the country 
can Ik? ascertained from published arid private report# as lasing 
71 per cent, on the average, in all probability it would Ik? found 
that the percentage calculated from a summary of the return 
shown by cry store in the country, if obtainable, would 
approximate to 7 A |x*r cent. By recording known reaulta of 
the ‘ sample’' stores annually, the trend of any rise or fall 
of the jiercentagc it turn might reasonably lx? acceptor] as the 
likely trend of profit fluctuation for the drapery store trade as 
a whole. 

(3) A collection of variously coloured and designed boxen 
containing stationery shown as an mlvance display in various 
trade cent ms throughout the country reveled that six of the 
design# were mAee ten] by 80 per cent, of the buyers viewing the 
collection, and bv finding the average jx?rcentage quantity 
ordered of each design the manufacturer was able to plan his 
production output. The ultimate sale# proportion# came very 
close to the estimated ones based on “ sampling v * calculations. 

Law of Inertia of Large Numbers,— This law is a corollary of tho 
law just described. It states that large groups or aggregates of 
data show a higher degree of stability than small ones. 

The movements of ail the separate components of the 
aggregate reveal a tendency to compensate one another, some 
■ o 
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probably moving higher, oilier* lower, but large number 

of data, it is unlikely that they will till move inthe same direction* 
The greater the number composing the aggregate, the greater will 
lie the tmrnpeiMatkm, or tendency of movements to neutralise 
one another, and consequently the more stable will be the 
i^ra^Ate. 

The law does not mean that changes cannot take place over a 
period. It means that when very large numbers am involved 
change* are likely to lie more gradual and regular than when 
relatively small mmdier* or quantities are considered. 

Secular change* arising from some fundamentally changing 
conditions due to cumulative Jong period tendencies are not 
precluded by the law of inertia of large numUrrs New laws of 
government, and scientific development* affect the death rate, 
and many superimposed modern conditions affect the birth rate. 
Hoad deaths and accidents increased with the modern develop¬ 
ment# in road transport, but are being retarded by stringent 
regulations, Production in factories has U*?n constantly cluing 
ing owing to inventions and discoveries, whilst factory regulations 
have introduced other influential factors. Hut Lrresjicctivc of 
such general movement* or trends, the law still applies. 

A good example is that of crops and produc tion of certain 
commodities. Taking figures for the whole world, the total 
remains fairly constant for these commodities, and although over 
a long series of years they may fluctuate, the fluctuation* are far 
less than those basts 1 on figures for individual countries and areas. 

AViwpliiitf by HuwUmi Stlfdum of items from a large 44 popula¬ 
tion M depends upon the theory of probability, out of which the 
two laws just described have emerged. 

StiM[iUtui by ('otutrirm# $ election is loss dependent upon 
probabilities, and in business statistics may often bo used with 
satisfactory results. In some ease* there is greater accuracy than 
when random selection has to bo relied upon, but biassed choice 
is a danger. 

Sampling by Random Selection. -The method# of choosing 
samples are various, tjj. by making a draw as in a lottery; taking 
every tenth example (or other interval according to the nature 
and quantity of the population *’) ; pricking a list haphazard. 
The important [mint is that every item (unit, group, class, district) 
should have the same chance of being included in the selection. 
The lottery metiiod usually meets this requirement. 
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Sampling by Conscious Selection.— For sampling by cwwokua 
selection groups or claeses of item* »n? subjected to a thoughtful 
selection of reprtMntative or typical samples, from which a 
reasonably reliable indication of the characteristics of the groups 
may be obtained. 

The method may be used for obtaining representative 
information 

(a) of various financial aspect* of groups of biuriiKMum; 

(b) of production and sale* quantities mul price* ; 

(r ) of personnel 

It is alw> employed in the selection of data from which various 
index Numbers of price*. costs, finance and production are 
awseiiained, os will Ik* described when dealing with this subject, 
h should be observed, however, that prices used for calculating 
genital wholesale and retail price index numliers are largely 
obtained by random selection. 

Practical Examples of Random Sampling. 

(a) f h tita irs of awl t/ia large undertaking. Figure* for every 
third or fifth barge or wagon can Is* selected and a simple 
drawn from the top at each end and from the bottom of 
each barge or w agon scUk ted. 

(b) Wally hndgeL> of imrking rhiss fniftilh **a\ Jfeeide upon alt 
the district* largely occupied by working claw* families,and 
mark out into approximately equally populated sect kills 
(not necessarily equal areas): divide the total number of 
budgets required by the number of sections in decide how 
many samples from each section; obtain answers to 
questionnaire from one household in each road in the section 
up to the number allotted. 

{(■) An Artirh manufactured {or (sought) in eery large. (jumtlitU*. 
Take one from each 100 tor 1000) produced or delivered at 
different times or on different day*. 

In each of the above examples the samples will lie representa¬ 
tive of the dinracteriat ies of the whole lor " population 

Danger of Biased Selection.— In making planned or con¬ 
scious selection there is the danger of bia# in the choke of 
samples. When possible the choice should be made so a* to 
include a number of samples of each class or group which w 
proportional to the total quantity in the respective groups. Very 
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often, however, thu* idea cannot be carried out owing to fcb® lack 
of information m to the number* in a cIhhh or group. In auch 
caaea random aetoutiun fiecoimw neeeMMary, and to emurrc good 
mudte a larger number of aamplos must- )>o taken, making a 
teat by a " trial ami error " process, i.e. a number of wimple# 
are drawn and an average i« taken. Several test** are made in 
this way, and if the variation* are wide, a greater number of 
«a tuple* i« taken and tested again, the procedure being continue*! 
until a reasonably constant or stable result ha* been arrived at. 
One writer goo* mo far as to say that when relying on sampling 
for ataiistiea) purpose* it i* far letter lo take 5<MM> or 60* h) cane* 
at random, and examine them to see what their characteristic* 
are, than to take 50.000 which are specially chosen. 


Questions. 

1. What do you understand by M Random Sampling ” ? 

«, Upon what principles in the method! of statistical sampling bawl * 

3. Explain the following principles : statistical regularity ; the 
inertia of large munWi 

4, What ift the purpose of ttampling? Compare random and 
conscious selection of wimples 

iV What do you understand by sampling ? How would you 
|fffi(Wl to choose a Multiple l {InrorfMnaUi} A cron nlanfs {Final}.) 

th Slate and explain the Law of Statistical Regularity. What is 
its corollary ? [Incorporated Accountant* {Final) ) 

7 What methods of selection would you use to chouse a random 
sample of: pi) Working-class families for purpose* of a Coat of Living 
Index. ( h\ Deliveries of coal to a large factory, and (r) A mass* produced 
manufactured product • f fnturporatr-d Accountant* kF inal)A 

H. What ate the advantages and disadvantage* of the Sample 
method of statistical inquiry '* (Institute of Transpnrt.) 



CHAPTER V 

PRESENTING STATISTICAL INFORMATION 


Business Statistics hua been eou&tderfMl m far from the point 
of view of the collection of data. There remains to be con¬ 
sidered the modes of presentation, which may he : 

(a) The presentation by textual, tabular, or graphic method#, 
and 

(/>) The analysis and interpretation of the statistic# compiled, 

Presentation of Data. Jt will bo obvious that data may l>a 
presented in various ways, and the form of the presentation will 
depend upon the ptirfxw tor which the inlonnalion is desired. 

Frequently a simple tabular form is adopted, jMirtkuhirly 
wlien the data are required for further use, h* for instance 
preparatory to the drawing of a graphic chart. 

On the other hand, a mure detailed and plunmxl columnar 
table may be mx'ivwury when an analysts and interpretation of the 
data are invtwsiiry for t la* purjMwe in view. Sjweml arrangement 
and grouping may Ur called for. and also the inclusion of averages 
or percentages. In some eases only selected groups or danse# of 
data collected may be included. as greater diet- five ness is often 
secured by the omission of hu ts unnecessary for the purpose of 
ihe report. Care has hi be exentM‘d to si: that efieetivvneiw* and 
reliability tire not jeopardised for convenience of presentation. 

A Title should l>o given to every statistical rejKirt, table or 
graph. 

Whenever possible the title should be brief, but dearness 
should not be sacrificed to brevity. 

When a rather lengthy title is unavoidable it is la-tier to 
tfplit it up into phrases, preferably on separate lines, as For 
example ;— 

Eagle Coach Works. Ltd. 

Labour Statistics. 

Earnings, bourn and Efficiencies 
by Shops ami Grade* 

Quarter ending, 31*' December, 1941. 
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The t\t\m used on various forma and report# in this book 
will afford of her examples for study. 

Choice of Form* --In business the method moat easily under¬ 
stood by the penum for whoso information the statistics have been 
prepared should lie used. Home executives understand and prefer 
graph#, other# can appreciate the information better in tabular 
form. 

Regard must be bad to the manner in which the form will be 
consulted, for instance : -* 

fo) Home manager# prefer a large m ale table or graph to hang 
on the wail. 

(h) Home users retain all statistical re|x«1a in loose-leaf 
binder#, and the sire of pnjier used must be capable of 
being tilcxl in a uniform size. 

(t) The use of more than one colour to emphasise different 
features may he useful, 

id) If blue print, photographic or printed copies have to Ik* 
introduced, colour# will generally have to lie avoided, and 
line#, letter# and figures need to Ik* dean and distinct to 
ensure g<sxl reproduction. 

It is not uncommon for both tabular and graphic presentation 
to lie required. 

For some purpose* a fovr salient figures may tx* presented in 
a textual report with mure effect than in other nudes of 
presentation, 

Explanatory Notes and Footnotes should bo avoided if the facts 
can be adequately presented without them. 

For business use the note# necessary will usually consist of 

(а) Indications as to the limitations of the data, eg. the extent of 
any approximations, such as figure# to the nearest thousand, the 
nearest hour of labour, decimals correct to the second place, etc. 

(б) A statement os to the type of average shown, (r) A note neces¬ 
sary to ensure proper interpretation of any data, which would 
otherwise be capable of being mis*read or from which incorrect 
deductions might otherwise be made. 

Explanatory notes refer to the statement as a whole, but 
sometimes footnotes are used to clarify specific items in the 
statement. 

When the statistics are for some general use, and particularly 
when they are likely to be used by oilier# unconnected with the 
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business, explanatory note# are often added (a) £> give reference 
to the source of the data need; (k) to explain some feature 
connected with the ba#is of the compilation; (>) to indicate liow 
computations have been made; («f) to state what type of average 
(arithmetic, geometric, median, etc.) is used ; (e) to draw attention 
to any limitation of the sonnet or of the original data necessary 
to prevent misapprehensions, or to indicate any particular 
features necessary to a clear interpretation of the facts presented. 

Textual Presentation refers to the presentation of statistical 
facts in paragraph form instead of in the form of t ables or graphs, 
1* is a form of introducing statistics to illustrate a written report 
or survey. The data are thus jwtrt of a descriptive discussion, or 
are simply presented in paragraph form, without comment. 

Two methods of arrangement are used : 

(«t) Data are ini reduced into a textual discussion or description, 
not in any systematic order, but at convenient points. 
The two following excerpts are examples : 

41 (u Th«’ immU'f <>f contrarf* phu* d U*t year w&* 155, milking 
lhe o»t«i id <Jao* U40. The value nf year*# fHmtraot* w«j* 
£8SS,34K, bringing tb** ‘iggr’*gat«• up to £3,r»fJ3,5ft4, nf which 
hod l*-wi paid. The loOtl expendituresince 

the Comnu<»i«»u brgtm to njM-rat*' i* £3.279,591. This includes 
ifcdvmnHtrntivi' cxjwfiM-,., wLirh in 11*35 amounted u» £0400, or 
t» S05 per i ♦ tit. «>f th** yearn 

(nj (Vumrwuix on *m analysis of 1000 hnuw*hf*M budget*; 

** Altogether I here were **12 fomdiem, ineludmg 1510 adults 
and 1030 children, with lew than h n head a wr«ek for food, and 
nf the**' families 150 were ive< ivmg unemployment UnelU and 
230 unemployment assistarM<-, 102 were living »»n wages, ami 
04 on publii* assist ant e, H<*. Them* 512 families iruludeti 7# 
per cent, of the cluHreii.’* 

{b) Data are presented in a continuous running form, with or 
without groupings and systematic arrangement: 

‘* The sales hv th»* (VanpaiivN* factories have been: 1025. 
T^ecU £10,400, Umdon £2M00/Ub»*gow £12,000, total £4M,200; 
1030, £15.750, U*nd*m 142,500. tiUhgow £17,250, total 

£75,500; 1035. Urdu £|ft.U0ft. London £51,300, tiinsgnw 

£21,150, total £91,350, showing continuous prugr**#** m every 
instance." 

Advantages and Disadvantages. 

(a) Advantage*. Explanatory or descriptive business report# 
or memoranda incorporating textual data, such a# a few important 
averages or totals, are often more emphatic ami convey facts with 
greater directness and clarity than would be obtained by mb 
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milting the name information in tabular or graphic form. Textual 
comments cannot be overlooked ahen reading. 

The method i« often the moat wimple means of presenting 
for review certain regularly compile! continuous statistics in 
which periodic variations are few and not extreme. The regular 
evenness of figures may result, when looked at in a hurry, in a 
few variations being overlooked. This type of statistical report 
often arises in the case of weekly anrl monthly information 
connected with commercial and industrial undertakings. 

Even when the construction of tabular reports is essential and 
mom convenient for purposes of compilation, the textual 
presentation of particular variations of interest is often more 
effective and convenient for the person who has to consider the 
fact* under review. 

The method involves less time for both preparer and reviewer, 
and is therefore economical when it can be used. Instead of the 
user having to go through n full table of facts he is put directly 
in touch with the pertinent information. Further, facts arc more 
clearly understood by thorn* who find ditlicuhy in interpreting 
facts presented in tabular and graphic form. 

(b) Uimdmntaye*. Except when the data art? few, the 
textual method fails to give an effective and s{*ocdv view of the 
information presenter!. 

This is particularly so when presenting coinjmrative figures 
relating to detailed classifications. A series or several scries of 
data whic h an? to Is? compared with oilier data would be cum¬ 
bersome ami difficult to comprehend if set out in paragraph form 
insteml of in a suitably planned table or chart. 

Again, there is the possibility of unintentional, nr even 
deliberate, selec tion of facts favourable to a certain point of view-. 
The presentation of full statistics in a non textual manner makes 
such biassed selection more difficult. 


Qckstions 

1. Name three broad classes of method* of presenting statistical 
data. What should determine the choice of method f 

2, What ait? the advantages and disadvantages of textual 
statistics ? 

ft. In what form should business statistics lie presented t Mention 
three forms of presenting stMistiml information. 
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i'uK arrangement «if data tabulation* require* considerable 
thought to ensure showing the relationship betwwm the data of 
one or more series, a* well as the significance of all the figure* 
given in the classification adopted. 

I > ro lessor Bow ley in his Manual of SM illicit refers to tabulation 
,h ' the intermediate process Innween the accumulation of tin la, 
in whatever form they are obtained, and the final reasoned 
ufenunt of the result* shown by the statistics." 

It wifi bo obvious tlmt the arrangement or layout of the 
uhle* is dependent iifmn the information to lie presented, and 
upon the pur] him*. f*»r whieh they a tv to U* prepared, but, 
notwithstanding these jroints, there are a number of fuatureM 
■d»out tabulations of general application whieh t he student should 
*»e acquainted with, and whieh will now lie considered. 

The Form ol Tabulations. - A few observations on the form 
of the tables ordinarily used may be considered with advantage 
Ix fore proceeding to deserilie the technique of classifying and 
sorting data preparatory to their actual entry in the table* 
t heiuHclvts*, 

In the first place, a distinction must lie made Iwtween wluit 
n\a\ l>e termed (o) Informative or rhissifving Tabulations, and 

Interpretative or Iderivative Tabulations. 

Informative or Classifying Tables are original tables which 

contain systematically arranged data compiled for main! anil 
further tine, without any intention of presenting comparisons, 
reUt-ionahi]* or significance of the figures, In other word*, they 
merely provide a convenient means of compiling and preserving 
dat*i in a form for eaav reference, very frequently in clmniologtcal 
order, 

A factory pay-roll is a tabulation of this type (see Fig. I), 
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* 8ometim« a column for oa^h Any of tho w«y«k ami total are wduHed. 
Fro. 1 Exutri Je or an IxtobmaTive on CuusinriKd Tabulation. 
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Fig. 2 is tin example of such a table, iwwl in connection with 
Sales Orders received, and contain* much information from 
which useful statistics may be compiled. 


$al*4 Onier* 
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Interpretative or Derivative Tables an* distinct in that they are 
analytical and arc prepared to present signittrant &sj>ectw of the 
data comprised. 

This tyfa* of tabulation may be : (a) Simple ; (b) Complex. 

(a) .1 Simple Table pn*#ents the immlier or measurement of a 
single set of items having the chametcristie^ stated at the hern! 
of a column or row which forms tin* basis of the table. Using 
11*0 terminology of statistic*, we may tabulate a dependent 
variable b\j/. output of production) against nn independent 
variable (vjj. time) a* shown in Fig. 3. 

The frritfitwn Cf/rn/xtnif 
A nn util I Vi fd Mi ion 

it»»i ipa? 


Year. 

| Pmluctmn 
j Out {Alt. 


i f 

1031 

' 2,750 

1032 

! 4.000 

1033 

6 r 41Sft 

mi 

{ 7,200 

mr» 

i MS» 

1930 

9.0*0 

1937 

10.500 


Fw. J.—A SnrRK I^rKHranTATivis 
or tinmvATivR Tabm-aiiow. 
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Another example to given in Fig. 4 in which the dependent 
variable f number of farm lie#) to tabulated again#! the indejiendent 
variable (amount a hood for food). 

Food Kxptrndtiun of Family* in Iforeipt of ll'a*#* 

IIwmxJ on analyst* of bi*ig#t« of 358 household*. 


Amman per 

N’luul^r td 

hood for t oofi. i 

Kamil to*. 

2*. «d. to Off. H 

5H 

tu, <W, to 4 a. i 

00 

4*. ikt. to 5*. 

H2 

5#, <Wi. If » (hi. 

52 

(wf, c*/, t*i 7 a. 

an 

7a. <V/. to Ha, 

40 

j Total 2 a. tV/. tn Ka. 

35H 


Kin. 4. A SlVI'l.t; 1 NTl' Ul'HKl’ATIt I. m? 

I M:hiv vm i. Tahcj.ai m>n. 

(b) A Complex Table present# the uimilwr or mea sure men! 
of mow* than one group of items hc- 1 out in additional column* or 
row#, and often the tabic to divided into mu- lion#. 

Such table# generally show the relationship of one set of data 
to another or others, and are often so arrange*! that comparison# 
nmy lie made easily lad ween related but#. 

An example of a complex table to given in Fig, 5, It to rather 
ft full table, and the information might be made more effective 
by dividing it into two or oven mom separate tabulations, A less 
involved tabulation is that given in Fig, ft. 

In the ease of buxines# statistic# it is more usual to find complex 
tabulation#, because of the incorporation of full information to 
facilitate a projtcr consideration of all related fact#, Com¬ 
parative figure#, whether ulisolute, or percentages, or averages 
of various kinds, are frequently required and are therefore 
incorporate!) in many forma of tabulated Htattotics* See for 
example Fig. 7, taken from the author# Cost A ram filing and 
Canting Method*, and Fig 07 on p. 170. 

Qricm oss 

1. What, do you understand by the following; (a) Classifying 
Table; ib) Xhttivative Table; (cj Simple Table; (df Complex Table ? 

2. What type* of tabulation art' used for business statistics ami 
how are they compiled ? 

3. Draw'iip a simple tabulation to show the production output of a 
factory department baaed on monthly reports. 
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CHAPTER VII 

(H>N 8 Ttti:tT 10 X OF TABLES 


Is th»» chapter coiuwtaration will lie given to a number of 
features and commonly adopted rules which arc of general 
application. 

Columnar Layout, The numl>cr of columns and the arrange* 
meat or layout of the form must la* carefully considered to ensure 
that the table is not too complicated and confusing. 
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CONSTRUCTION OF TABLES Si 

Too many columns and sulxlivwionj* may make interpretation 
difficult, and obscure facte which require emphasis. 

It may be advisable to prepare subsidiary tables, and a more 
summarised final tabulation which will prawnt the essential data 
more clearly and effectively. 

The Position of Various Sets of Items in the table requires 
particular attention. 

Ordinarily it in more convenient to arrange the more numerous 
words and figure# vertically rather than horizontally. (See Pig. 0* 
vertical caption*.) Aa far as jK>s*ihfr vertical captions should 
lx* condensed to occupy one line, w idening the column to permit 
of this if convenient. 

The Size of the Sheet or Space available demands careful 
drafting of the ruling and spacing of the columns. Usually the 
procedure is to prepare a rough draft, in order that n neat lay-out, 
with columns of convenient and balanced width may be decided 
ufK»n. 

Space for the title, footnotes and other reference# has to be 
allowed for. Footnote arc very useful for amplifying the hori¬ 
zontal captions at the head of each column, particularly when the 
columns must be rather narrow'. 

The Columnar Headings (or horizontal caption*) should boo 
brief as possible, but should l>e unmistakable. If necessary, 
words may lie divided and the caption run into more than one 
line. If a brief columnar heading is not sufficiently definitive, it 
may In* amplified by a footnote, although it is advisable to Avoid 
these footnotes whenever possible. 

Frequently the column headings refer to same measure or 
quantity of unite, and cart* should \m taken that the unit m 
unmistakable, e.g. do not state just 4 ' length,” but “ Length in 
feet ” or other unit. 

l^arge numbers can often be curtailed, t.g. " In thousand# of 
t**i” or 44 000'* omitted, 1 ' a* shown in Fig. tb The fact that a 
number of digit# ha* been no dropped should tie stated in the 
caption at the head of the column concerned. Much sjiaoe can 
lx? saved and more clarity given to the table by thus tabulating to 
the nearest million, thousand or hundred, a# the case may be. 

A heading may he common to more than one column, ami when 
ihi# is the case the space for the heading may lx? divided hori* 
fcontally, and the caption run across the column#, as shown in 
the last six columns of Fig, 6 ami in Fig, 7. 
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Sow or Column Designations .—Whew the table comprim 
many column* or rows it is useful to number them* m in Fig. 0, 
This is particularly useful when the table is to be referred to in a 
textual description or re|x>rt. It also add* clarity, if, in a long 
table, there is a break or space after every fifth or tenth line, 
unless a convenient sub-totai, or subheading, can lx> inserted. 

Proximity of Related Figures.~Uom jwtra ti v« figures should be 
placed as close to one another an possible to make comparison 
easier. Similarly, derivative figures like percentages or averages 
should lx? placed as close as jxwaible to the original absolute 
figures. (See Figs. r> and 7.) 

Effective Rulings.— Killings may lx? made very effective by 
varying them. Major divisions can lx? separated bv heavy or 
double lines and subdivisions by lighter, finer lines. Subdivision 
oft ho space for captions at the head of columns are given a better 
ap|K:aran»*e by the use of fine lines. 

Double ikies look well under grand totals, and, w hen used, the 
upper one should be fine, the lower one heavy. The use of such 
rulings is illustrated in Figs. 5 and 7. 

Print^l and typeinrritte.il tables can often bo act up without 
the use of ruling, by proper sparing. For instance, major vertical 
divisions ran lx? sr pa rated by a wide spare, and related columns 
ran be set closet together. u>s shown in Fig. H. 


Comparative Prices 

Proportion*** Numtwr* 

Price* <p«rc«nt*g* r«|io*| 
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Position of Totals. —Totals of rows are usually placed iri the 
extreme right column, although they are often place#! in the first 
column after the vertical captions on the left. Totals of column* 
are usually at the foot, and this is the moat convenient arrange¬ 
ment when the totals are used primarily as checks. In many 
instance* published statistical table* present totals at Uwi top 
°f tin* table, and for many pur}x>se* this is very convenient. 

D 
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Order or Arrangement of Items*— Entriee are usually inserted 

to bo road from left to right, and from top to bottom. It is for 
this reason that total* of column* and the grand total usually 
appear at the foot of the table. 

The principal arrangements of item* are alphabetical, chrono* 
logical, geographical, size or inijiortaiU'e, order of mtoreat or 
emphasis. and sometimes according to causal relationship to 
facilitate comparison. 

Data in chronological order which are to be compared should 
usually bu tabulated vertically, with comparative or related 
figures shown hi adjacent columns. An inspection of the two 
tables set out in Fig*. 1) and In. i* convincing that it is easier 
to follow the figure* u* shown in Fig. 0 than when arranged 
horizontally m in Fig. Ii>. 
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Methods of Giving Emphasis. -Should it he desired to 
emphasise some of the items or groups this may lie done in one 
or more of the following ways ;— 

(«*) By distinctive type. <?.</. italic or heavy type if prioted; 

or ml ink in written tables. (Set# pages 103 and III.) 

(h) By special marking, such a# underlining or a ’ v bos ” or 
circle murid an entry. 
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{$) By wm of distinctive heavy and tight, or iringto and 
double, between aet* of figures. (See pages 32, Itt iMtd 
195.) 

(d) By the order of entry in the table, eg. date order, order of 
magnitude. 

(e) When ti>e table is long, by leaving a space between every 
group of my five lines. (See page 190.) 

Comparative figures, ratios, percentages and averages, 
estimates as contrast**! with actual figures, ami minus <pijuilttsc*t % 
can all be shown in printed statistics by means of italic type. In 
band-written tables coloured ink may be used instead. 


QrKSTIOSH 

1. What matters would you consider when about to construct a 
st-st tsi ical Table 1 

2. In what way may emphasis Ik* given to items in a tabulation T 

3 Put tie* fallowing statement into tabular form, paying special 
nftrntjon to headings, showing th«« changes between the two dates, 
uid giving <;*ohunn« in which percent ages of the appropriate total* can 
U’ enured. < ah uhitc and fill in the |M*rccntnge in each year for the 
Hale and Jewellery Trades. 

' In lUMo the value of the net output of the Copper and Brass 
Trades in Great Britain was l'o S Mn.; of the Filtiduxi Brass Trade, 
V.V7 Mn,; of the lK*ad. Tin, Aluminium, etc,. Trades, i‘ fi 2 Mn.; of 
the <o>)d and Silver I tiffining Trades, i'll Mn.; of the Plate and 
-Jewellery Trades. i’H» Mn ; and of the Watch and Clock Trades, 
l“ U Mn For 1935 the values wore, respectively, £fi*9 Mm, Mn., 
19-^ Mn.. JlI U Mn , £4 4 Mn., ami £945 Mn. ( S.A.L.0.0.) 

4. What decisions should be taken lie fore pre| wring a statistical 
tablef (InatrporattJ Accountant* (final).) 

State in the form of n list the consideration* which would l»e in 
your mind in framing n table of statistics, {fnrorpon ifwf Accountant a 
if waft.) 

♦>. Slate the oonsideratkm* you would observe in constructing a 
statistical table. (Incurfitted Accountant# {final},) 

7. Construct a simple table (using your own illustrative figures) 
"bowing : - Total net tonnage of British and Foreign Vessels, dis¬ 
tinguishing sailing and steam (including Motors) entered and cleared, 
tf * the foreign trade at jK»rts in the Untied Kingdom with cargoes and 
*n IwiUaitt. {incorporated Accountant* (Final).) 

V Draw up in blank a table in which could be shown for a certain 
■w.s the distribution of private families according to number* of 
I*‘twits in family and the *tre of dwelling occupied in terms of numbers 
# *f room#, totals ami subtotal*, ami the |>erocntage« which the #ub- 
bear to their respective totals. Fill in on* column and one row 
J 4 i Huai rat ire figures, so a# to show 1 how your table should bo mad. 
Civc full headings, et<\ (S.A.L OX).) 



CHAPTER VIM 

PREPARATION OF FIGURES KUH TABULATION 


Tina necessitate* making a setae lion of th© classes or groups, 
and of the heading* and subheadings to be used. 

Generally working sheets will lx? required, and rare should bo 
exercised to avoid errors : — 

Figures should l>e c learly written, allowing plenty of apace. 

The headings selected should he shown on the sheets to 
avoid mixing data by mistake. 

Arrange some sort of c hec k on the calculation* and totalling. 

When possible cross cast chocks should be provided. 

When sorting and c ounting are necessary tally sheets are often 
useful. When counting numerous sorted data it is usual to mark 
strokes on the working papr in fives arranged thus 

A umbrr of Wmjt Ear turn at I'aruHiA Hourly Hat** 

Total* 

»kl.-IM. iHtnR^UI IH 

it ML vzd. u mmiHiiHiJia in 

l 3 rf.l«V. I? 


The group of live am then easy to count. 

Mechanical Aids. Various makes of machines are available 
for adding and fisting. 

Sorting data into classes or group may la* a„ very lengthy 
process, especially when the same facts have to be sorted and 
re sorted into several different ciassiticalioim. To facilitate this, 
much time can be saved by transferring data to special sorting 
cards. The time spent in preparing the sorting cards will save 
much more time in the end. 

Needle-Sorting by Hand, of which the Paramount System 4 

• by (Co.. Ltd.. Kicb«tif» Hou*#, OU 

Lorutvm. K 
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is ft well-eBtabluibed method, provide* a practical mean* of sort¬ 
ing large numbers of items tinder as many headings m may be 
desired in an economical manner. 

Carrie of any convenient si m or shape with a series of hole* 
punched along the extreme edge or edge# am used. Each hole 
stand# for a number or value, or other detail in relation to the 
headings grouped on the card. Code* are used to reduce tho 
number of holes. (See Fig. Htor, page 4.T) 

Tho value of the system is that original Facta am written direct 
on to the cards thus saving time and avoiding the |KM*#ibiUty of 
error when data have to fie transferred from original record# 
on to the cards. The hole# along the edge referring to the 
number# representing the written hurts are snipped out (thus 
making a slot) with a pair of nipper#. 

When n stack of curds h«s tarn so s!ott<*l n long needle is passed 
through a particular hole representing n certain mimlier or fact, 
therewith tliecanls staudingon their edges, u hen the iwedlc i# raised 
•ns if to lift all the r aids in the bal<h, those cards on which the 
desired information ti]»|H*ars drop out. and the rest of the cauls 
remain on tho needle. (See Fig. ltifc). The proc«Hlure is mpftfttad 
iw often as required to obtain fnmi the batch all the cards for 
each item of data. The cards left behind, after Lifting away 
the card# in which the hole is intact, arc tho only one# containing 
the particular mini tar or fact it is desired to sort out* and they 
may therefore be counts!. If desired, they can \m listed ami 
totalled on a listing and adding machine, of which t here lire several 
on the market, such as the Burroughs. For general business 
purposes the Paramount System is the quickest method, as cards 
can be sorted at speeds up to o»UM»o ]»er hour. It provide# a 
visible chock against mis sorting, aa will be seen in Fig. Ute. 
Tho slotting of the holes creates channels in the pack of cards, 
and the bigger the classification the longer the channel. An 
incorrectly placed card breaks the channel. It is a self-evident 
and immediate cheek on error. 

Mechanical Sorting. 

Punched Card *.—It is necessary to have the original data on 
special card# of uniform shajK? arid size. Whether written directly 
on the special card*. or taken from other records, the data are 
maided on the special card# by punched holes made by mean# 
of a special key punch operated by hand or electrically. (See 
Fig. H.) 
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For this purpose the information is suitaMy coded numerically. 
For instance, a code for stores data in a business could lie a six- 
figtire one, divided into two sections, the first three figures 
representing the group or eiaas, and tin? Hecond three figures the 
item in the group. With such a code the stock can be divided 
into two groups, each with a capacity of 000 items. 

The Hollerith cants, for use with the Hollerith Sorting ami 
Tabulating Machines, are of uniform size (TjJ M x ttj"), and are' 
printed with 45 or SO vertical columns of numerals, 0 to 0 (Fig. 11). 
The Powers-Samas cards, for use with the standard Powers- 
Hama* Sorting and Tabulating Machines, are similar, but have 
45 to 00 columns. The Powers-Four cards am 2" x 4{J/', with 
only 20 columns for use in their smaller model machine, which 
is useful for businesses not requiring t he capacity of the standard 
sorter. 



Fin, 11 . Ek^mp(,x or C« Nt nn> Card roR Mixhami al. Soktimi, 


Mamtkm iWevcrioN CosmuvL Caro 

1 3, 1 >at*. 

4 . fthop number, 
ft, Su»f* number. 

0, Konev* (tmnght out rough* bought out fumlsnl, eljimp, foundry, 
Ur, ultwi auti turn). 

7. Common (to dtwignuto if pKSO i* cmmooM to 7 11.I*., 12 H.P. and 
2t» H.IV chiwuax}, 

10-11. NtimbcKT nKpured on cmth {t#. 1 if propeller *tw*ftn, 4 if 

tUfllUU, 

12"17. Pkwcu 

It- tt Qw«ttUiy On lomui of ch*iiM« rnimbur) onion*!. 

23 -- 27 . KertMpu (in tonn* of th***wt niimlx*r} on mviviag dock. 

2 #- 32 . IMivwrw* to Stor** (in « Hm«w number). 

33 37 to prvnluelum (in oh«*»t» number), 

n 42, lieCurn fnwn piWucUon to timighnl «tniv On rhuMMs number). 

CaM* of th* mm* rbwign ami wording, but of Jiftoroni notour. are uwtxi for 
(Mail sthtuion* Kiui «kxiuvti<m». 
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lit order to check the accuracy of the punching* on the card* 
a verifying key punch k u*ed. Should an error have been made 
in punching, the wrongly punched card remain* stationary in 
tlie verifying machine, thus compelling the operator'« attention 
to the mistake. 
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The punching can Ih‘ done at a rate of 200 to 4no rank per 
hour. Sometime* much of the information recorded is common 
to a large nurnlter of card*, anrl much time can lie saved by using 
an electrical duplicating punch. A master card in prepared for 
the items to Ire duplicated and with this inserted this special 
punch automatically punches and ejects the curds, which are 
fed in from a magazine. When this duplicated punching has been 
completed the rest of the punching is done hy the hand punch in 
the ordinary way. 

A Hollerith key punch is shown in Fig. 12, 

The card illustrated in Fig. II. taken from Cost Accounting 
<uul ('outing Method*, shows a card divided into sections by thin 
vertical lines. The spare between each pair is termed “ a field/' 
The information punched on the can! (hole* punched are 
repmientod by black spots) reads as follows : 


Field 12-17. 

Heference nurnWr of article . 

IA14IS6 

IK-22. 

Quantity ordered .... 

23,500 

M 22-27. 

,, received at work* . 

23,450 

28 32. 

,. delivered to store . 

23.230 

.. 33-37. 

,, issued to production 

23,200 

,, 38 42. 

f , returned from production 



department to finished store 

23,000 


The forty-five column card may Ikj divided into convenient 
fhsldir suitable to the purpose in view, thus, for Halo* Data the 
arrangement might be as follows ;— 
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Date of invoice 
Serial Number 
Traveller's Area 
Town 

Type of buMmett* 

(’uatomer 
Article 

Quantity (Weight, No.) 
Price per Unit 
Amount charged 
Department or Ledger 


3 column*, 
f* 

2 

3 

3 

4 
A 
ti 

5 ,, 

H 

3 


4f» 

A division of the card for production purpose* i* indicated in 
Fig. 11. 

&arting ia done electrically after the punching haw been 
completed and verified. One© the card* are punched the data 
can be (sorted into any desired order or classification, e.g. depart¬ 
ment, travellers. article number* and quantities etc. 



Both the Hollerith arid the Powers*-Samoa sorting machines 
aort the card* at the rate of about 24.0(H) per hour. The cords 
are placed in a stack, a pointer ia set to the column to be sorted 










Fhj. M<—Srvctxess or TAariATtows Phiktcd st 4 Powkh^SaHji* TAivum 
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and ae the cards p*m into the machine electric contact* are made 
through the punched hohw. ami automatically the card* are 
moved along and dropped into the various sorting pocket* or 
slot*. (Bee Fig. 13.) 




Km. JO.' I'ARASUvn VT XfSKOUC SoitTlVh SV.HTfOC IhITvpk OF < 'ARP I (K) Mbt«W 
OrfCRATfOM; it) A <?UCAK riliVHKI. 0^*K WtOWITWl OKR Mftl‘W3t«0 

Card, 

Tabulating .—The sorted can 1* arc then placed in the tabulating 
machine, which (a) list* and all the information desired on 
every card, item by item, (6) accumulates sub totals ami grand- 
totals of the items and {c) counts the number of cards m they 
pa## through the machine. The tabulates) information is printed 
on to sheets, an example of which, from Cmt Arrmmting and 
Coding Methods % is shown in Fig. 14. Illustrations of the 
Powers Samas and Hollerith machines are given in Figs. 1f» and 17. 
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Questions 

1. What mechanical aids may he uaed for sorting data ? 

i!, Explain ** needle sorting. 

3. A romjmny manufacturing wine 7f>0 different product* desire* 
1 4} take out significant wtwiiaties of it* sales in the Unit.nl Kingdom 
tmng a numerical node for each characteristic wilted, and performing 
the operation* of clnasttirattoii by two of Hollerith Machines, The 
Hollerith cord contains 45 columns of figure*, each running downward* 
vertically from 1 tu 9. State the ohintacteristics you would select, 
and show how von would urn* the columns on the card to the lieat 
advantage. {Incorporated Artrmntant* {Final).) 

4. State the chock* you would impose to verify accuracy in 
tabulation, {incorjxtrated Accountant* (Final).) 




CHAPTER IX 
GRAPHIC 1 METHODS 
I. Diagrams and Pictoguams 

Diagrams and Graphs. Instead of tabular presentation of 
statistical data a numlwr of other devices are employe!. Some 
business men find it difficult to grasp statistical reWtionshijw from 
column* and tables of figures, or prefer to have the meaning of 
groups i>f figures presented at a glance, and for this purpose the 
following methods are available 

in) Pictogranis, i.e. pictures and diagrams to show relative or 
proport ional sizes, etc. 

(At l artogiains. or maps variously marked to show geo¬ 
graphical distribution or density. 

(rj Simple barcharts. 

{il} Multiple bar charts. 

U) <Vnnfument barcharts. 

I/) Percentage diagrams mid charts, which may be (i) bar* 
charts, or (ii) pie or circular chart#. 

i(f) t urve charts or graphs, which may be considered in two 
group* : 

(i) Arithmetic or natural scale graph*. 

(ii) Ratio graphs, often called semi logarithmic graphs, 

drawn on a ratio scale. 

Plclograms, consisting of diagrams drawn in different »»/.«» 
to scale, are sometimes used to demonstrate relative sir.es. For 
instance, the output of two factories, one of which Va* twice as 
great as that of the other, might lie illustrated by a diagram malic 
sketch of two cans, one being half t he me of the other. The method 
is useful to show readily the significance of simple rlasses of data, 
it is a method which can In* understood by those? w ho might find 
it difficult to interpret the same data in a table or curve chart. 

Oilier forms of this tyjie of presentation for comparison 
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purpose* are rectangles, cubes, etc. It will be apparent 

that compariMm of magnitude iff easier to judge from diagram* of 
one dimension (bars or lines) than from diagrams which vary in 
two or three diimmaiona (areas and volume*). 

/ The method it* not satisfactory for aerioua statistical com* 
jmrisom owing to the difficulty of accurately measuring with the 
eye; it i* popular, however, with advertisers. 




-7 

ri 

L_/ 


rn,. is 
A*-l iiSH' 


K\*artAA or Vo'Hk.uamjk -r«• Mh«*w IOxativ* Kisr.it; whi'.n n*‘T 
anum iiY Nrjo;&i» ai> Vaii ks* tiiky ink hut K»-i.i-y 1 sroh?n at»\ j:. 


Cartegrams or Map-graphs arc? used sometimes to show 
geographical distribution* and densities. t.e. numbers or size* an* 
considered in relation to a given area. For example, the number 
of articled wold in eac h county in England. 

A map of the area under review is market! in a way which 
convey* to the eye a comprehensive impression of distribution. 
The device* employed are as follows, taking a* an illustration the 
quantity of a manufacturer’$ machines calculated to lie in use in 
England ; salesmenV territories ;»- 

(«#) Dots proportional in ske to the quantity in each area 
(Fig. 10). 

(b) Dot# of equal size, each representing, say, Iimio machines. 
In dintriota where livcre are several thousands in use the 
density of the dots will be greater (Fig. 20) 

(r) < Yowe hatching may bo used to indicate densities. The 
greater the density of use of the machines the closer the 
lines of the cross hatching (Fig. 21), Other forma of 
shading (r g. dots) or colouring may tie similarly used. 



"''‘■Mm&itw m. Pm m Mmmm?* Tmvkmk*. 



] t<«, I*,t ( 4Hiot;w« S«»rwiM, |iiyrium T los, 



Put. 20- 

lHrr*j#rTt<»x ( .>r Kaijr* Omnsn# 
**v TttttftitVfJttJfft. 



^ I 


;.. ___i 

Fjii, 2147 a ht* *g «*»; V 
Jtfnmux# or ftnwJso l/«?ifcfnr 
oi Vm or Piwwrrw. 
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Bar-Charts (Simple), —The use of simple barchart* is one of 
the commonest ways of indicating simple comparisons of size. 
Those charts take the form shown in Figs, 22 and 23, 

The choice of horizontal or vertical depends upon the purpose. 
When the items in a group are to he compared, it is optional 
whether the bars are drawn horizontally or vertically (Fig. 22). 



WlhK« 7 ** j 

«'*v 



Kim, 22. Horizontal IUhCimht Comi'Aiusk Uklaiivk Sur.m» 
or Samss Hv-kuhjittk. 




rro. 23, I1 au-<'uaut Dhaws 
lYmaccrLV, Show iMi rnu lUst; 
Lt »ie. m 


Khl 24 -IUr-Chaut Drawn 
IW nRHKCnV, AJ* IT UOIW SOT 
Snow a Xkjio Bask Link, 


When, however, the data are to lie charted with reference to a 
Horie* of dates, the vertical form is usually used. with the time 
scale along the base line. 

Tl*e bars are more informative if drawn to a given scale, and 
it is very important that when such charts are used for com¬ 
parison* of size the urate mutt begin at zero, otherwise a false 
impression is given. f I'hc false idea of proportions is clearly 
shown by Figs. 23 and 24. 







GRAPHIC METHODS 0 

Hints on Making the f 'hart 

(i) The tmmber# on tins waits should not be too numerous, 
and should run in interval# ea«v to follow, eg.' 2V 5'#, 10#, 
lo4^ T a t etc. The scale must, of course, be suitable for the 
informat km to be charted. 

(ii) When the actual figures represented by the bars are 
required to be shown, they should be inserted a# in Figs. 22 
and 23. Avoid placing them along, or at the free ends of the 
bars themselves. 

(ii.i) Square*! paper, commonly known a* co-ordinate paper, 
is usually very convenient, but if plain pajier is used, a fow Hue 
guide lines to assist t he eye should )m* inserted as u background. 



Fw. i‘-V- HaJ? < )M rt 1 , A L<>S* I* SK' iW s kv 
Ttt'K iUit TIIK ZKUm 

(iv) When bars are broad and shaded or coloured, the guide¬ 
lines should not run through the bars, but just up to them 
I Fig. 26). 

(v) Neatly printed figures and letters should tie used , long¬ 
hand figure#, titles and descriptions seldom give a g<*od apjiear 
iun-e. Ornate lettering is inadvisable for business charts. 
Confidence is given when a chart is neatly drawn, well pro* 
portioned and carefully spaced. 

(vi) The title is best placed at the top where business men 
are used to finding headings, and it should be the largest 
lettering on the chart, m that it# pur] kmc is dearly appreciated 
immediately. 

(vii) The representation of losses and negative items should 
he made by hare continued lie low the zero line (Fig. 25) 

Th$ Use of Simjde Bar-Charts. ■—These chart# are very useful 
b> represent graphically many kinds of business data, such m :— 
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Quantities or Value* of different products bought, sold or 
produced. etc. 

Data coy^eming employee*. 

Exfmntm by departments, brunches, depots, etc. 

Profits by branches or subsidiaries, or by lines of product, 
(Joinpariaona between budget and actual figures. 

Progress of work in production or of stock movements, ami 
so on. 


Pwiw'titw <»/ Three, Type* of Jf *dor Vthu'fc* 



Kin. 2«. Mt t/rirt.H. »>** Onrocsn Har Chaht vuh Hhmwivo 
Comparison or Ol.TPTTH 


" Progress Charts provide a practical example of the use of a 
simple horizontal bar chart. This type of chart- is useful for 
keeping in close touch with production, sales and other data of 
importance to the business executive. For instance, in relation 
to production the schedule of work is represented by a horizontal 
line, with quantities budgeted for at each jaunt of time. As the 
work proceed*, another bar. drawn thicker or in another colour, 
is run parallel to the scheduled bar. If quantities produced are 
leas than those scheduled. the line will full short of the line 
representing scheduled quantitiw. When the weekly (or daily) 
schedule is exceeded, the excess is drawn above, os in the third 
week in Fig. 27. A pn*grcs* chart of the follow ing facta is shown 
in Fjg. 27, 

Srhednled. Omipleteil, ' 
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The fine Bikw fttwl the number* to the left of them n^re^ol 
wheduied work, 'Hie numbers mi the right are ito progmtaivg 
totals. The thick lines show the actual work clone each week. 
The fine, continuous line represents the scheduled work for four 
weeks (340 unit*), The thick line below this is the actual wntrk 
•lone in the four weeks (300), i.r. twenty unite more than scheduled. 

This typo of chart is one which has been very extensively 
dcvelojied by 11. L. Gantt, and it in usually called t he Gantt Chart. 



Km. j7.-~Kxa.mjxj: op a 1'u^mnsA Chaht iMar TvraK 

A imml^r ot different facts may to represented on one chart, 
by using different thicknesses of line, or by different coloured 
inks. The former method is necessary* it blue prints are to be 
made of the chart for circulation in the business to executives. 
The /*.<m of PnHfrcw 4 fair 1* for .1/ <i n nfuet n rerx~ ~ The following 
remarks have particular reference to the Gantt type, which is 
useful in manufacturing concerns for:— 

(1) All comparisons of scheduled work and time with actual, 
and to show progress, and to servo us an incentive to maintain 
lay-out of production; and for showing, 

(*J) Running time* of machine* fK>*sihle as com[wired with 
actual. Any sjhiuc at the end of the think line, representing 
actual, can be explained by code letters and footnotes, thus:— 

Ikt J'j Hunnintf Toiut of .XtavhtH t** r 



B. MiK v hirw hn^k'Jnwn. M, VV*jtrrig for maU n»t*. 

Vac 24.—*r*it o* Coufc Imnw os Piumou?** ('oast {(Santt < v <« ast). 

(3) to hour hours can lx? similarly treated, giving reasons 
for short time, etc. A separate chart for each man can bo 
drawn for the use of the foreman; or, for each shop, for the 
manager to check the foreman's reaulta. flettering can to 
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used to indicate absence , slow workers, sickness, accidents, 
tool or machine breakage, faulty material, waiting for order**, 
etc. 

(4) The load, or number of orders, or quantity of work, 
assigned to whops, machines or men, can bo indicated to ensure 
even distribution. 

(ft) For sales by quantities or values by individual salesmen 
or departments. Budgeted or planned results arc shown by a 
bar. whilst another bur is drawn to represent figures actually 
realised Imth consecutively and cumulatively. 

(tf) A variety of useful dutaconcerning |ien»omtfd and financial 
and manufacturing operations can la? effectively shown at a 
glance. 

Multiple or Compound Bar-Charts are the same in principle 
as those already described, but are designed to show' two or more 
sets of data by grouping several bars together to facilitate com* 
parvson. The arrangement necessitates each bur in the group 
being identified by distinctive shading or colouring as shown in 
Fig. 20. 

Component Bar-Charts are diagrams which present graphically 
the division of a whole into its comjKUicnt parts (Fig. 20), 

For instance, departmental expenses by causes can la* shown 
by moans of a coinjameut bar-chart ; os can the amount con- 
tribute*! by each of several departments to total miles, or the 
comparative data showing proceeds and ousts of sales. 

Percentage Distribution Diagrams, showing the distribution 
of the components of a whole u|ion a j>oreentage binds usually 
take the form of bar-charts or pie* (or circular-) charts. 

The figures must first lx* calculated as a j)crtcntage of the 
whole, which is represented on the wale as 100. 

Sometimes pie chart calculations are made upon the basis 
that there are 3tM» degrees in a circle, but it is much inure con¬ 
venient to divide the circumference into 100 equal parts (as in 
Fig, 31) in the same way as a bar diagram. In Fig, 30 the data 
used for Fig. 20 have been converted into percentage form. 

In Fig. 31 a pie chart is illustrated. It is easier to read the 
percentage on such a chart when the circumference is divided 
as shown, instead of w itIv 3bo\ It should be noted, however, 
that for comparison purjioses bar-charts are to be preferred, os 
it is easier to compare the length «>f the bare am! the component 
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part*, than to compare two circle* of different eixe* in the 
latter, iwrctnUigt# caw bo compared with equal facility, but net 
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aggregatt whctle owing to the difficulty of comparing circular 
aroaa. It in difficult to compare moat diagrams in which area ha* 
W be retied upin, ami excepting for giving approximate general 
inipmwkuvj they should l>e avoided. Hence, even on barchart* 
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t)m bar# should i»e of equal width, #o tliat tbo eye in coneortiod 
only with length. 



Flo. 3l.-"l 1 «K'f*HAirr roa Pkjiokmtaoic CowrovKCT Pa am Tub Sjmtmhm 

MAY UK t'OMHJIIBD, 


(JlTRSmONH 

1. Mention, and briefly d earn be, three way# of presenting 
atatiatie* diograniawtimlly. 

2. What methods may l>e employed to present diagramatiodiy, 
(a) Density of distribution territorially; (b) Comparative size* i (live 
one illuatration of e&eh of fa) and (6). 

3, Write note* on the following : (a) Simple Bar-t’harts, (6) ('om* 
pound BarCharta, (e) Circle or Pi* Chart*. 

4, Wlmt is a Progremi (’hart } Illustrate. 

iji, ik*ncril>c two forma of portent age distribution diagram*. 



CHAPTER X 

OR A PI I IV METHODS (wale?.) 

II* CVHYK ('lUHTS OR GHAWl# 

It must be nlw*em*l tlmt although much used for general 
purposes, diagrammatic method* ure Iona effective statistically 
than the graphic method in which linen or curves U> nqireeeni the 
movement of data are drawn to an appropriate scale* 

The Construction o! a Graph depend* upon two straight Him 
intersecting at right angles to each other. Those arc known an 
coordinate axes. (See Fig. It2.) 

The horizontal lino is called the r axis or the axis of 
abticiftaie. 

The vertical line is called the yaxi*. or the axis of ordinate#. 

The ]H»int where they interact is called the origin, and is 
designated 0 or zero |*omi of the graph. These axes should bo 
ruled to stand out distinctly. * 

Usually this framework of the graph is drawn on squared paper, 
«.«. paper ruled with feint horizontal and vertical lino# inter* 
sorting at right angles. If not, it is usual to draw a sufficient 
number of tine or dotted lines to help the eve to locate any given 

The Scale. — A decision is made that a certain distance on each 
of the co-ordinate axes shall represent a certain unit of measure 
went, much in the same way that n wale on a map is used. The 
scale can be varied to suit the requirements, namely, (a) To fit 
the paper, (/>) To include all oljeervaUotts, \r) To avoid too sharp 
or too fiat a curve. A single square of & inch or other distance 
may be used to represent one shilling, a f murid, IT00, £1000 or other 
ftum; or any other numerical item such as the number of em¬ 
ployees, quantities of things bought or sold. etc. 

The exact position of any point can be located by measuring 
from the x-axis and front the y axis. 

Distances measured upwards from the jtjum jwp positive* 
thorn downwards or below t axis are negative. 

Any convenient scale may be used, am) the scale# for the 

W 
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and y axis need not !>e the same. 11 ms scale should be clearly 
marked, ami as far as jiomble should consist of whole numbers. 
In Fig. 82 ox is the abscissa. 

oy is the ordinate. 


* -* 
? ■* 


* . "i 





y **«*f t* 

Pm. 32. ■ TlSit fN»Vj»THW;Tir»K or (Irath*. 

The procedure may be host explained by the aid of an 
example (Fig. 33) : — 

SupjK>se the daily output of articles for the first four days of 
the month were, 1st tiny, 100; 2nd, 300 ; 3rd, 000; 4th, fi00, 

l<©t the axis cm- represent flays, each division on it being 
one day ; and let the axis oy represent units of output, 
each division on it being 100 units. 

Then a vertical dotted line drawn upwards from point 1 on the 
;r-ftxtH, and *4 horizontal dotted line drawn to the right from ay 
at point 1 on oy will in tenant. These intersecting lines are 
coordinates, Uontinue the procedure for each of the four days, 
so that four points of intersection are found. Connect each of 
these four intersection points hv a line, as shown in Fig. 33. 
This line is called '* a curve.” 

The curve gives an immediate impression as to how many units 
have been made each flay. 
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Instead of connecting each point, a Ii«w or bar eouki have tm 
dropped to the asm or, but it will be iwn that the curve in Fig, 33 
representing the (jam gives a view of the change more clearly 
than the bars. 

ftoiiy Output 



DAYS OF MONTH 

Km. 33-* 8mn.it Kxami’lb or a "CYbvk.*' 


I)aii# * hit]Hit 



l+inr* cirDppwJ fW»m jKvint* f.-lotta*! mrv Dot a* rff«olivi> a* tho rum in Fig, 33. 

Using the Line Chart.—A* the distance* between the horizontal 
lines on the chart are ail equal in size, all similar increases, or 
decreases, in figures plotted are represented by the same vertical 
distance on it. If, therefore, two or more comparable seta of 
figures are plotted on squared paper, the vert ical rise and fall of the 
curve indicate* the magnitude of each series plotted in terms of 




m mmimm statistics 


actual quantities. The graph in known m an arithmetic or 
natural nettle graph, to distinguish it from ratio graphs m which 
the spacing* are graduated on a logarithmic Mate such as is 
used on a slide rule, lxjgarithmic males will be dealt with 
later. 

Hittorigiam. —When n chart of the type shown in Fig, 33 
relates to data in a time series it is called a Historigram. This 
term should not lie confused with “ Histogram/* a different type 
of graph which is illustrated in Fig, 50. 

Meeting the Seale and Grid. —It is necessary to plan out what 
space wit! l>e available both vertically and horizontally to 
accommodate the numlier of items to be plotted on the graph. 
The manner in which the graph is to be used will determine 
what size the paper should be, i.e. whether to l>e consulted at a 
table by an individual, or on a wall by one or more people. The 
size determined a scale must lie adopted which will enable all the 
desired data to be shown. Csually the base line is made a little 
heavier for emphasis. 

If squared (or co-ordinate paper as it is called) is user), each - 
square can be assigned a scale value. If plain jiaper has to be 
used, the scale distances will have to Ik* marked off on the abscissa 
and ordinate axes, always remembering that the }>otrit of inter 
section of these* coordinate axes must bo zero. If any of the 
data is negative, space must be allowed for the curve to lie to the 
right of the ordinate or below the abscissa. 

Kqual distances anyw here on the horizontal wale must repre¬ 
sent equal values; similarly must any equal distances on the 
vertical st ale. 

The point of intersection of the co ordinate axes must be zero 
in a natural scale graph, and generally the abscissa axis should 
be the base line. Tins should be regarded as a fixed rule, although 
exceptionally for some purposes, instead of the zero line, a line of 
principal reference may be used, r.y, a line representing, say H)0 
per cent., an average or a normal with w hich the plotted curve 
lias to be compared. When lira wing a graph representing a 
series of data over a jierind of time the zero tins should always 
appear. This does not apply to a ratio or semi-logarithmic chart, 
m described in the next chapter. 

Deciding whether Seale should he on Aheelssa or Ordinate 
Axis*—In time charts the horizontal base should be used for the 
time scale, *.g. years, months, days, etc. 
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An Independent Vnrwltte (e.jp day* of the month in Fig. S3) 
in usually plotted on the horixontal axh* ox. 

A Dependent Variable unit# marie, in Pig. 33) is plotted 
on the vertical taxi* <>y. Thua days of the month form the barn 
upon which the information of unit* ramie is studied. A caption 
explaining the unite should apjxavr, preferably at the top point 
of the vertical acale. 

Plotting the Curve. As the base line in w here the independent 
variable is marked off. and readings will made from those 
joints, it is only aweary to find the position whew each ordinate 
intersect* a vertical Hue from the corresponding point on the 
base line Usually the point plotter is place*l on the vertical 


Outfit 



Kio, 3 .V-(Jhai*« uji»*wtMO PoiNt# ri>irr»i,' hktw^ks rw« Vmmi’Aj. Lixk« 
rum m mi.' Amcima. 

line run up from the base markings, but some prefer to plot the 
point beta ten the lines. (See Figs. 33 and 35). Whichever 
method is used the designation (vwr, month, etc.) almuk.1 Ijo 
placed exactly below the position of the {joint. 

Connecting the Points on the Chart.- -When connecting the 
point.* the curve should he emphasised by making it heavier than 
the ordinates, or background lines and squares, tireater 
emphasis may sometimes bo given by bilking in the areas 
lietwoen the curve and the base or reference lino as in Fig. 30, 

The method of connecting varies :— 

(a) For iKU|;cmnulative figures the points should be connected 
by straight lines. THe line simply indicates the direct 
movement from one point to the nest (Fig. 33). 
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(6) For cumulative total* or a continuous series the line 
connecting should lie in os smooth a curve as possible, 
avoiding angle*. The curve passes through every point 
im In In), but smoothly curves from one to the other an 
though the data were accumulating gradually and evenly 
(Fig* *7). 

This method of drawing the curve must not lx* confused with 
what in known aw 4 smoothing M curves, described in the next 
paragraph* 



Fia. 30.~ SmmiNo £'1 m i*hah><* on I'm *rr» atiosk uv Ui.ocuixu ik hktwi?icn Tint 
(Vkvb ANt» a Link or Ukkkrrni/b, 


Smoothing Curves, -When then* are frequent fluctuations 
up and down in n curve there is often a broad general movement 
or trend of the whole curve, quite apart from these frequent 
irregularities in the line. For the purpose of indicating this 
general trend more clearly method* of smoothing out the 
irregularities are employed, viz,. 

(m) A free hand curve is drawn by judgment to indicate the 
main trend of the movement of the data illustrated, as in 
Figs. r*7 ami DO. 

(b) The data are smoothe<l by a series of averages or a series 
of totals, and these computed figures are plotted instead 
of the original actual figures (Fig. 37). 

(f) Mathematical calculations, such m the method of algebraic 
least squares, are made, from which a smoothed curve may 
be plotted, but as these are randy utilised in business, 
they will be described in a later chapter (see page U7). 
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Two or More Serial of Data may he shown on the mtm graph, 
but earn mult bo taken to me that the curve# are diet met ami 
easily followed without conftuiofl. 

When two or more variables arc plotted on the same graph 
may me 

(a) Different coloured lines. 

(fc) Lines differently characterises.!, <?.*/. continuous, thin, thick, 
dotted, creased, etc. 

(r) Simple curvea marked with n caption or designation which 
indicates the nature of the data represented by each curvo. 



Fur 3 j.-1.Vuvk of AmCAi. Saleh <1>«tVwVrj Smoothi;!* l&v Vuwfo 
.VWmtK* M'.*v IN*.; M t ka<o: »Smuc ('» mu:j Km Mutmou n» Fixmixu 
T»i!» Avkmaoi; t*Mi r> M am> IV*. 

In the case of (u) and (A) a ‘ key " or legend " explaining 
what each represents should lx* inserted beside the chart or may 
he shown on a convenient space on the chart. 

In Fig. 41 both method (//) and (c) are employed together. 

Tlfl0 And Motet*. The title should usually lx; alxivo the chart, 

outside the chart itself. Explanation and footnotes are usually 
placed below* the chart, but an; sometime* show n in a panel drawn 
on an open part of the chart away from the nines (Fig, 21). 

In business it is not usually necessary to show the data which 
the graph represents, but sometimes it m required, in which case 
it may be shown in the following ways ;— 







BUSINESS STATISTICS 


to 

(a) On a separate sheet. 

(b) In * panel beside the graph, 

(r) In a panel in ft space on the graph itself. 

(d) Opposite the end# of the absciss® and ordinates. 

(e) Against the plotted points. 

In the cone of (d) and (c) there is a danger of Joeing clearness 
through too much crowding of information. There is no hard- 
andi’ast rule or practice, arid the choice muni be dictate! by 
convenience and dearness. 

/ 


Fto. 2>N.—A JtoKXCi RVH Nhowino Kanuk uf Maxima and Minima 
or a Hkiokh or Host « Ratks. 

Zone and Band Curves, Instead of plotting a simple curve or 
curves, an effective representation of the maxima and minium of a 
series of data can l>e obtains! by plotting a curve for the maxima 
and one for the minima and then filling in the apace between the 
two with vertical linen or shading (Fig. 38). This is a xone 
curve, 

A rone curve could las used to show earnings, rates of pay, 
prices of gtxsis. interest rates, nunttar of sales per person, output 
by men or shops over a fperiod, etc. 

In band curves, the constituent parts of a whole (e.g. com- 
portents of cost and selling prices of articles) are plotted one above 
the other, thus creating a series of bonds or acmes each of which 
can be shaded in so that the whole space between the top curve 
and the base line is filled in solidly (Fig. 30). If the data am put 
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in form the whoh-chart may depict 100 jser cent, and* 

the hand* shaded in the percentage each component represent* 
of the whole. 
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Ku>. 30. —A 1 Unj> O kv* 4'tiAHT Srt4iwiN« CiunrMfmrio'v 

4*r TlVTAl, SAUSSt fi4 t»KI*AUTMK%rH. 

The Use of Arithmetic Charts in their various forma, and 
particularly a» applicable for the presentation of humnew* 
icm, hi considered further it* Chapter XXI ip. IK3). 


tJrKSTIONS 

I. What w meant by " bbtforigrarn M ? r 

£■ On what scale should the independent variable be plotted I 

3. What is a smoothing curvet How mav such a curve lie 
derided t 

4. What kind of chart do you ctwfkfckv beat for presenting several 
series of data over a given period t Hew would you distinguish each 
aeries I 

5. What distinguishes the arithmetic ami logarithmic scale* f 
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* 6, 8Ute fiv« general mk*t which should bo bom© in mind in the 

construction of graph*. (fsmdon AmmaHm of Certified Acrountunts.) 


2 


1 


4 


0 


A 



A 


'm 


From the f»l*ov© diagram, which show* the- construction of a graph, 
fluwvrtain the following :~(o) The Anw of lieferenee/’ ( b ) The 
abscissa of the point 1>. (r.) The ordinate of the point IV (</) The 

co*ofdinAte. (e) Thu Quadrants ( London Afiiycintitm of i t rtifud 
Accountants.) 

7. State the general rules for the construction of graphs. (/ nn?r- 
porated Accountants ( Final).) 

H. Jlraw' a graph illustrating t he following figures : — 


Persons Liablr to Snpr.r-Usx for tht Year UmlM frtk April, 1927, t'Uwufi**! 
by thr Amount uj thtir Inronu . 


Income (Cl, 

h*rw»H. 

Income (tY 

IVrxotiD. 

Income {i). 

Vermin*. 

2,000 

22.724 

7.f*X» H.nOO 

. *2.070 

3u,o0n- 40,ism 

. r»rt« 

u 

| 

! 

1 

10.0*10 

. 4,t;to 

4o.inm 50.000 

. 27 m 

3*000 4,000 

1M.K40 

1 u.imo l.\ooo 

, 4.003 

fin.ooo 7;»,4Km 

. 2 99 

4.000 ;..000 

. lu.3srt ; 

JiVOOO L'O.IMMI 

. l.MJi 

7.1,000 tOU.(HM) 

97 

a,wm> *Umm) 

0,473 

iso.flfto ■ 2A,ooo 

. veto 

«»ver ] 00,000 

147 

a,(Mm 7,(wm 

Ofi2 

! 

. 2r»,iHM» ;uu mo 

.V>0 

Total 

94,07(4 


(S.A.KW,) 





<iiAmcu xi 

(•KAPI 1 K - MKTIiUDS (roHfd.) 

Ilf. Graphs Siujwi^s Kjvtrs or Ciiasok 

Tiik graphs <hvw rilied *o far have Ikhti must rue tod on tho 
natural «euh\ and although tImse show admirably tin* actual 
extent »»t‘ Hliholuir increases or deerea#*** they do not show t.lie 
:at<‘ «'f change, i.<. relative movement*. 

This may hr explained by a simple example - 



Nile,. 

ilOOM 

Annual 

Inert ft-ti . 

Vi rv<TCug< 

) uvn rts* 1 . ; 



i I < h h ) 

100 

j:it 

;vh*u 


,Vl 


These sales figures pli »r.ed on an ordinary natural wale graph 
would show the riAfito vertical distance U'iw(tn tho jKnntH plotted. 
The mi tm* distance would also he shown if a sales total incraiMtxt 
from £100,000 to i*HU ooo (an niere;o«» of JLIoon, t>ut of only 
I [XT rout i, If instead a ratio scale in used, the rate of increase 
< Icarly shown. 

Ratio-Scale Graphs must U* m*ed whenever it i* desired to *d»nw 
rehtlivf* movements, On nu ll graphs equal vertical distances 
represent equal pr-ijiortionat* movement*. 

On nutural-wait*graphs equal vertical disturb rrpmwnt equal 
ithvoht k movements 

A ratioscale graph may Ik; constructod in two ways : - 

{1) By plotting the logarithms of the numbers on ordinary 
coordinate paper. 

(2) By plotting the actual mini bent on ratio-ruled paper, 
M. the distances between the horizontal linos art? waled 
togarithmic&Uv. 

* 


as 
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As it is the vertical scale only that is scaled on a logarithmic basis, 
these graphs are often termed Semi-logarithmic Graphs. Both 
Fig. 40 and Fig. 42 are examples; also Figs. 43 and 44, 

As the use of logarithms is not popular nor well understood by 
most business people, it is probably better to use ratio-ruled paper, 
like that shown in Fig. 40. 

A ratio-ruled graph is preferable for other reasons—namely : 
(a) The actual values may be shown at fioints on the vertical axis, 
so that both the actual changes can l>e read from the absolute 
figures shown on the scale, and the relative changes from the curves 
drawn, and (V>) certain series of figures which would not otherwise 
lx* shown graphically can be represented, viz* an extensive series 
showing a great, range of variation. 

In the ratio-ruled pajKT the vertical scale is measured off 
logarithmically, so that each distance from I to 10, In to 100, 
too to lnoo. etc. form what an* known as cycles. The advantage 
is 1 hat when plotting figures differing widely in magnitude the 
well defined cycle* can be used, and prn|K>rtioiud changes are 
readily seen. 


Summary of Features of the Ratio Seale. 

(1) Equal vertical distances rrproHcnt equal proportional 
changes. In Fig. 4u the distances Ik-Iw^ii 1 fie points 20 and 
40 ; 30 and <*0 ; 2W> and too ; In and 20 am ail equal lxx*ause 
they represent an increase of ioo per coat. 

(2) Turves of equal kIojkc r.g, two parallel lines like the top 
two in Fig. 40, represent equal proportinnate rates of change 
for the ixiriod January to August. 

A curve deeper at one part means that the ateeper part is 
changing at a more rapid rate. 

(3; Zero and negative values cannot b© shown. A 
logarithmic scale has no zero point, 

(4) Xo base line is necessary, and the whole graph, or different 
curves on it % may l>e moved up and down without changing 
its meaning. The am under a ratio curve, ho important in a 
natural-stale graph, is meaningless on a ratio chart. 

This is an extremely convenient a/1 vantage in that two 
curves widely separated on a ratio chart tnay be brought clone 
together for greater ease of comparison. The two curves in 
Fig. 43 have been brought together in Fig. 44, thus making the 
comparison better. 
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(ft) A aerie# showing a great ranges of variation can bo 
plotted very conveniently. An extensive range of wide dis¬ 
parity which could not possibly im plotted mi a natural-seale 
graph, can be admirably represented on a ratio chart. 

(tl) It is not suitable for showing an analysis of a whole into 
its const it u<mt parts. 

(7) Contrary to the ease of the arithmetic chart , two or more 
scale* may he lined «n a single band of the ratio-ruled paper 
(Fig. 44). 

(H) 'two or more series of entirely different units, t\g. ton* and 
gallons or ounce*, can be compared on the same graph to 
show rates of change. This cannot l>e done on a natural-mde 
chart. 

(!♦) A natural scale graph may be o»inverted into a ratio- 
scftle graph by plotting logarithms of the values on the vertical 
scale ; or by plotting the value** on semi logarithmic graph paper. 


FlurttMtiimji in SuIim ttf t'oui# anti Ktj'jx *y>rn /njr<:r1 rrlaiiivly 
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Fin. 43. Ratio stack liitvru 
Comfaiunu *ai.km or Twi» rn«»- 
mu-rs. 



S»N KaiTMTATKO »»V }>Kt\(ilX(! 

Crwvr:« (Yohkh Tikijktiikh. 


The Uses of the Ratio Graph. -The statistical facts relating to 
the following business matters may bo shown advantageously on 
a ratio graph . 


j Sales ami material* purchas'd nr Wages ant] t xp^nse*. 

[ produced. Revenue*. | 

\ Product ion output and cost<#. Net profits. ; 

f Number of employee*. Grow profits. ] 

i Labour Uwws and abaen*re«. 

I ! 
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QirjBsnoKs 

1, What i« a ratio scale graph ? What purpose doe* it acrvcs ? 

2, What ait*; the * pedal features i>f logarithmic or ratio charts? 
Suggest types of data which could advantageously lie presented 
graphically in this form {X.A.L.G.O.) 

3. State the chief advantages of a logarithmic scale graph m com¬ 
pared with a natural scale graph, {tjondim Association of CerfijW 
Acnrtwfanf*.) 

4. Chart the figures of the imputation of Gn at Britain and Ireland 
given below so as to stress the dedining rate of increase of the population 
over the Inst hundred years. 



Population of Or ml Britain and Ireland (in 

thousand#} 


1 821 2U.MI4 

18M 

34.885 


Im:h 

ls‘U 

.17,733 


l S41 2i;,73I 

1WI 

41.150 


! i 

HHI 

45,222 


t S»;i 2S.W27 

1321 

17,12,1 


1*71 11.4*5 

1031 

41MHI3 


(l ’niort 

nj I/inoixhiTK and Vh**shirr histitubm.) 

.V Till 

following table gives the fluctuation* in prim* of three 

nmiimdifica. extending over the )w'rind as indicated. 


Average prim 

Average price 

Average price 

Vfur. 

of cunuic ln v A 

of (omnvdit v It 

of commodity C 


during ynar. 

during year. 

during year. 

Ill 25 

£4*» per ton. 

’Mi. cadi. 

iV. per ounce. 

1 5>2<; 

i‘37 

2\d. .. 

4>. W. 

lt»27 

I3H 

2 id. 

4?, . <id. ,, 

|t»2K 

14 2 

2Ad. .. 

4a. (d. 


£35 .. 

sR • • 

4*. Ud, 

1 !*3o 

i*«t / ,, 

-•k .. 

4*». 

HKU 

£3r> 

-*r .. 

4a. Id. „ 

1032 

£31 

IR >. 

4s. Id, 


Von are required to submit an hisiorigram showing the comparative 
price changes in these tlint commodities. ([jondwi Attocuitum of 
(■ertifi* d A rcounfanl*.) 

fi. State the characteristics of : (n) Natural scale graphs; and 
(l>) Ratio-scale graphs. How may the former !»o converted into the 
latter ? {JnrorjHrrafrd Amnivtanl* i Final).) 

7. Graph the following figures on a Ratio if Logarithmic Chart, 
so as to bring out com[Hirativrly the seasonaI Hurtnation present. 


Sainin'r «*/ In.%urid Maim I'nnnploytH {Thousand*) in l\K Hl3<», 



Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Coalmining 

183 

1854 

203 

21K 

210 

273 

Shipbuilding . 

57 

m 

55 

52 

51 

47 


Julv. 

Aug. 

Sept, 

CM. 

Nov. 

J>*r, 

Coalmining . 

233 

1*54 

lttl 

170 

101 

140 

Shipbuilding . 

48 

45) 

48 

45 

44 43 

(S.A.L.G.O.) 
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M, On \h% January, 1021, a certain city A contained 100,000 bouaea, 
and 10,000 additional house# were built there each year from 1921 to 
1030 inclusive. In another city B, which had also 100,(MX) house# on 
l*t January, 1021* the number wiw increased at a constant annual 
rate of 7 1773 per cent. Draw a graph on an ordinary arithmetic 
ftoale illustrating the annual housing atatistin* of thcee two ritfoa from 
1021 to 1930; and draw another graph on a logarithmic scale illus¬ 
trating the Maine atatiatic*. Which is the more useful graph ? 

(AT. A .1.0.0.) 



CHAPTER XII 

ACtTRACY AND APPROXIMATION 


The Value of Approximations. —The account* of a business are 
ex pec tori to he absolutely accurate, and in certain statistical 
reports the same degree of accuracy is demanded ; but in many 
forms of statistical work much approximation and estimation 
can l*e made without. loss of imjiort&nce --in fact such methods 
may result in greater clarity. 

Very commonly, for instance, shillings and pence, In'# or 
loo’#, may bo disregarded, and for some purposes even greater 
uproxiumtion is made. 'The important feature is the purpose 
fV>r which the data will Ik* required. In statistical sales report# 
approximate* figures correct to the nearest £10 or i'lno will often 
suffice for a small business, hut for a larger concern figure# to 
the nearest i‘500 or £l0oo may Ik* equally satisfactory. 

Many investigations can Ik* carried out with reliance on 
estimates, and results hum! on approximation* may often 1 k> 
appreciated more easily and dearly. (onduMons arrived at from 
such statistics will often U* exactly the same os they would 
have been ha?! piwiw figures laxm utilised. 

How Degree ot Accuracy may be Stated. The degree of 
accuracy should usually be stated, and the billowing are example* 
of how this may Ik? indicated, using for illustration a production 
output of pig iron of I0u0 tons, which weight in known to be 
accurate within 10 cwt, under or over. The position may Ik? 
stated in any of the following ways 

(1) The output is 1000 tons in round numtars. 

(2) The output is between 91*9§ and 1000} tons or 999*5 and 
1000*5 tons, 

(3) The output is 1000 tons, plus or minus a difference 
not more than half a ton. This may be written statistically 
as 1000 ± 0*5 ton. 

(4) The output is 1000 tons correct to 0*5 per mille, or 
0*05 per cent. 
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For very many purposes large numbers of figures ran be stated 
Advantageously in round numbers, even when actual figures are 
known. 

Methods of Approximation. 

(1) To the Stared Whole Nvitiher. —Particulars of com- 
parativdy large numbers, such as the production of pig-iron or 
coal in various districts, may lie sufficiently accurate if stated to 
the nearest 1000 tons. 

Then 8419,390 tons would in? expressed as HOO.OOO tons to the 
nearest thousand ; or 800,700 tons hk H7o,0oo tons to the 
nearest thousand. 

Again, the ratio of working exfien.-tes to gross receipts expressed 
as a jiemmlnge calculated as 04-42807 per cent, would lie 
sufficiently stated for most purjwises as 04 jiercefit., or \\ ith slightly 
closer accuracy us 04*43 [H*r cent. 

(2) Appruvritwifion hy U'iny the Serf Hiyhtxf Wh»*b: SnmMr, 

e.lh 

hOO,3‘M» tons would become s70,ooo. 

809,74*0 form would also become 87noo«i, 

and 04*42807 }>or cent. would Ism time 03 jicr cent. 

(3) Appn&imotum tty !bearding LKyit* to arrive at a round 
nundwr. thn« 

800.3*10 tons Ihmm.ii nes 809,4*00, 

809,700 tolls I khm lines 809,04*0, 

and 04*42807 j>er cent. Incomes 04 j>er cent. 

Tart* is necessary if approximated figures an? used for calculations 
involving multiplication, division or extraction of a root, Imvauko 
the error in the figures themselves liceomes multiplied or divided 
and may be greatly misleading. 

Approximations of large numbers cause little or no variation 
in jK'nentages based upon them. 

Various degrees of approximation and the effect on the per¬ 
centages are shown in the tables in Fig. 40. from which it will lie 
seen how little difference results. 

Error in Approximation. The differences between actual and 
approximated figures are known as “ error/’ This does not mean 
a mistake, but is merely a statistical term for such a margin 
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;<>f difference between an actual figure and an approximation 
■ of it. 

It may lie noted here that aUttetical error* may arise in various 
ways, the chief of which are 

(u) Errors of origin due to insufficient definition of the 
information required, biassed collodion of data, and erratic 
feature* inherent in the data themselves. 


1 


Percentage of 


i 


Profit to 

Percentage 


Uro-s Profit. 

Keeeipt# 

corn'd to 

Ux'Of'ipt*. 

{t'x»rr>*<'l to 

the nearest 



W'COIUl | >1 A4M• 
of decimals). 

1 jH-r cent. 

. Tahir Sfuitcin*/ Itff.fiX lici t t 

fit.a ami l’rojit# for 

j 

7 Arc* Yearn , 

l!M<U.P2S 

12.3115.357 

2MKi 

25 i 

4fU»wU72 

12,711.**)* 

2«-43 

2*\ J 


IA,34'1.2W; 

2K-44 

2H ; 

I?. Stuns Approximated tu S rarest Th* 

HUMCiHti, [ 

N»*l**.- -Th* Kj>pntiuri lui* not nftWt*vl On* |v*> 

rrantagntf. 

HU C» I | 

\2,:m 

2,V*H» 

25 ! 

4S,0*Mi 

12.712 

20-43 

2i\ | 


I5.»4« 

14 ; 

2K ? 

1. ,SaNtf. Ihitil 

Approximated 

to Mi art #t Hundred Thousand. i 

N> C ■. Thf*r*‘ 

in *UH m» M)>pnM*irtt*Jp Uiflfti'wo in Ihr 


yj:> 

124 

iwe*. * 

25 j 

4*1 

127 

2A-4u i 

2d j 

f»40 

153 

2h*33 

■■ 2* 1 




Pm. 4 .’*.--Ksa#t Pmvkkh in rntr. }iu<r Skctton Ai*pkoximatcc in Hkotionn 
2 asu 3 to »now How Lrrri.i: PrarKVTA*;ic*i auk Arnccncn. 

(h) Errors involuntarily made in counting, measuring, calculat¬ 
ing, describing and approximating. 

(c) Errors due to utilising too limited a nmnlier of items or 
samples. 

Statistical errors may be* measured (//) absolutely, or (/>) 
relatively. 

(«) Absolute Error, .-If the actual figure of sales is nay £9900, 

and tlie estimate or approximated value in £10,000, there is a 
difference or error of £100. This is the Absolute Error. 

(b) Relative Error,—If the absolute error of £100, above, is 
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n 


shown n# a ratio of the approximated figure, we have 


100 

io f ooi)’ 


»*«. 0*01, and thi» m called the Relative Krrur. 

If expreflsed m a percentage error this error would be 1 per 
cent, of the approximated figure, calculated t hus ; 


1«J 

lOjlMM) X 


100 , i. \ 


i% 


Errors may be Biased or Unbiased, compensating or uncora- 
penssting. When numbers an? approximated to the nearest ten, 
hundred, thousand, etc., some of the approximated figures will 
be higher and some lower t han t he actual numbers. 

Providing there are many numbers so dealt with, the differ¬ 
ences will tend to compensate one another (i.c. cancel out), arid the 
errors are said to be Unbiased or Compensating. 

When, however, all the numbers arc approximated to the 
neared ton, hundred, etc.. Mow, or all to the nearest above the 
actual numlier the error is Biased or Cumulative, and the more 
numbers there are the greater will the total error be. 


TnUr of Hia*rd nod Vnfnw»r-d Error*. 


Kxmt 

Numbers. 

('ornd to 



i 'firi'M'i 

Alvioliilc 

! 

IUU 0 . 

i Atnumh' ♦♦rmr 
j UllhiflKf'ii, 

to tl*’Xl 

lotto ovi-r. 

ft 

a* 

b. 

; C. 


it. 

f. 

4 MA 2 

; 4 o 

; - aaa 


50 

r> 3 K 

4 M .096 

4 H 

; — !Mv 


10 

1*04 i 

tw, 7 m» 

; 54 


r 240 

51 

240 

# 1 . 42 K 

01 

: - 42 h 


02 

572 

50 , 4*0 

50 

400 


;.i 

540 

M,i\VZ 

07 


r 32 s 

07 

» 2 S 

00.249 

00 

1 ... 24(1 


01 

751 

00,503 



4 407 

01 

497 j 

50,240 

; 50 

5 * 240 


51 

700 j 

... i 

530,770 

530 

] 1 H 35 

* 1005 

530 

5230 ] 


! - 77<» 

I 


Flu. 4S.«-(;«»Mi*Aftnw.iN or Hiasicp 1\nuias*:j> Apmxix atiokh. 


The absolute error in the total (Fig. 46, column c) is only 
— 770 in a total of 530.000. 

The relative error of the total of unbiased items (column c) 
770 

is fijjfofii) — 0-001453, and is so small as to be negligible. 
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Hie relative error of the total biased error (column e) ia 

wi“’» - 0<u,,r> - 

The absolute error of the total in column (*») w biased, and it 
will be noticed that the #ize of the error in important. 

When approximating figures in business statistics, this 
important difference between biased and unbiased approxima¬ 
tion# should be borne in mind, and usually unbiased approxima¬ 
tion# should be lifted. 


Estimating Unbiased Absolute Error In Approximations.— 

Although it may not be of great service in business, it is useful 
to know that when the actual figure# which have been approxi¬ 
mated an* not known an eatimote of the absolute error in a total of 
a number of item# approximated in a known unbiased manner 
may bo found a# follows : 


Average Absolute \ 
Error *»f the item# 1 


V-Vumlter of items. 


In the example above, a# the approximation in to the nearoat 
HKH‘, the absolute error would most likely !>e the uventgo of 0 
to 499, which ia about £249-5, or say £'250 and there arc 0 items, 
hence the unbmse I error would probably l>o 

250 . \/H £750 


which compares with — £770 in the figures used. The result 
does not always come as close as this, and the formula gives only a 
rough estimate. 

To Estimate the Relative Error of a total of a number of item* 
affected by the same unbiased error, find the ratio between the 
estimated absolute error (f.y. £750 above) and the approximate 
total {e.g. £530,00* ) equivalent to the following : — 


250 x VO 750 
530,IKK) ' 530.000 


0*00115. 


This compares with 0-00145 calculated on the* known mimbens in 
Fig* 40. 

To Estimate the Biased Absolute Error in a total of approxi¬ 
mated figures. It is apparent that the minimum error is I x No. 
of items, and using the figures in t he example above, the maximum 
ean be 900 x No. of items; but the most likely error would be : 
Average Absolute Error x No, of items or 499-5 xDa 4495*5, 
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which compares with the known error £5220 (in Fig, 40, 
column r). 

Approximation in Multiplication. - The degree of accuracy 
in multiplying approximated figure* is sometimes required. The 
following in an example : 

10% X 7/£o0, the accurate figures are in it alic*. 

To find the accuracy of the result it is convenient to use an 
algebraic solution. 

Ixd A 1m? the multiplier and H the multiplicand. 
x la? the possible error of t he multipliers, and 
y the possible error of the multiplicand. 

The product will lx> (.1 L x)ili [ y) which w it h relatively 
negligible values of x and y may l»o written AH (IU ■ Ay). 
Applying this to the figures above the jiossihlc error in lo.*i« o-5 
and in 11,200 is j ; 50, hence we have : 

11.200 \ IOH r (In H .Ml HJJun 0-5) 

1,2011,1100 J (5,400 : 5,<ioo) 

1.200,0*H» i 1 l.oOo 

The Use of Percentages. -INTcentage^ must 1 m< used with 
caution. Many mistakes arise through incorrect observance of 
the basis of percentage calculations, and for Ihi* reason. among 
other*, that ratio* are preferred, particularly for comparative 
puriKUMMi. When jKHventngeK are used for comparisons it is 
important to ascertain tlmt the data are homogeneous and 
capable of being com parts!, a*, if they' are not, then the per¬ 
centage* arc not comparable, 

But little information is afforded when gros* profits an? stated 
to be, m\\ 20 j>er cent., or net profit* 7| |M?r cent, it is necessary 
to know the amount of turnover or capital involved. 

A common ty]M? of question arises regarding variations in 
jiercentages concerning wages anti prices, <:.//., wages were 
reduced 5 per cent., raised 10 jw?r cent., lowered 20 per cent.* and 
then raised 25 per cent, over a states! jteriod of time. Ascertain 
the change in wages over t he whole period. 

There are two alternative replies, according to whether the 
basis is (a) the original wages or (b) the rate of wages paid at the 
date changes wen? made. The calculations in the first supposition 
are as follows (using UK) as the original wages for convenience):— 
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?« 


5 per cent, reduction Wages became x 100 ■= 05 

100 

or. j ^ x ioo » 105 


10 per cent, increase „ 

20 j>er cent. decrease ,, 

25 per cent, increase 

t.r. the final result us that over the period wages were increased 
to fK»r rent, on the original wages. 


.. 10.1 - » X IN .. H 

.. *s " fa, x i'* 1 “ no 


Then, using the second supposition 

5 (KTccnt. ml net ion wages Uxamo 

115 

jlH» 

1(H) 

■w 95 

Id jw»r cent, increase 

*1° v 
inn v 

!).-> 

104*5 

2*> [n r cent. decrease 

M* 

too 

I01-5 

83(1 

25 per cent, increase 

1 25 
loo 

s:i« 

104*5 


or, the result can he directly calculated thus : 


!»:* I to so 125 
loo |oo too loo 


I <4-5 


*.«. the final icmiIi is that over the jieriod wages were increased 
4*5 per rent, on the original wages (as compand with 10 percent, 
calculated under the first supposition). 

It is not jHwsihlc to add, subtract or average i^reentagcw 
excepting when the basic factors upon which the percent ages am 
based am comparable and the bases equal. 


< 4 * 1 RSTIOSS 

1. What do you understand bv statistical "Error”? How far 
does it, in practice, affect the value of statistical investigational 
(lAmdon Chamber of Commerce.) 

2. How may approximations Ik? made ? What purpose do they 
serve 5f 

3. Explain M absolute error/’ " relative error/* " biased error/* 

4. Work out (showing your workings) the most absolutely accurate 
result of rnu 11iplvwig —720 by 10$ 00. When the digits in italics only 
are accurate. (Incorporated A cc&untonl# ( Final ).) 

5. The estimated expenses of ail industry consist of £487,000 few 
wages and £216,000 for other expenses; and the estimated receipts 
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from sale# are £750,000. Calculate the estimated not profits, giving 
the limits of possible error on the assumption that the amounts stated 
are liable to error# of 2 per cent,, H per cent. t and 9 per cent, i^peeUvely* 
(t'num of tewmkirt and Cheshire Institute*.) 

6. Find the sum and difference of 542,936 and 1 #5,706, both 
numbers Ijeing correct to 2 per cent. ; and express in jimxmtage form 
the degrees of accuracy of the results, (Cnion of tenemhirt and 
Cheshire Institutes.) 

7* The annual death rate in a certain provincial city is Ixdween 
20 and 24 per thousand, and the population is estimated at 800,000 
(within 7 per cent.). Calculate the numlter of deaths per annum, and 
show the degree of accuracy in your answer, (London /l#*orw*f«w of 
Certified A ccauntnnl *,) 

8, An estimate of the fiopuhttion of n town is given as 49,000, 
whereas actually the population is 50,000. Compute («) the absolute 
error, (5) the relative emir, and (c) the j^rccntage error, (tendon 
Association of Certified Accountant *».) 

9, Determine the degree of accuracy in multiplying 04S > 2/200. 
The accurate figures italickwl. (/aror/wniM Accountant* (Final)) 

10. Twenty-nine sums (each exceeding 2<KH0 are written to the 
nearest 1000 arid totalled. 'Fite true aggregate total is 4.530,54). 
What k the liest estimate of (a) The absolute error in the total; and 
(/i) the relative emir in the total f (/ ncorjxtmt*d Accountants (Final).) 

11. What degree# of accuracy would you deduce from the following 

entries in a table of meiuturonientA of length, viz. : centimetre* 7, 7*0, 
7-00. (Incorporated Accountant* (Final)) 

12- — 4 *.... the average advance in weekly full time rates (of 
wages) k 04 per cent, at Ikeenibcr, 19311* as compared with August, 
1914 . . . then the cost of-living index figure showed a rise of 42 per 
cent- as against the position at the outbreak of the Grout War, The 
obvious conclusion which will Ik* drawn k that there ha# been a 
substantial increase in real wages and that a considerable margin is 
available for cuts 1 adore the pre-war position is te-eatebliahed.^— 
From a lending article in the Olangtnr Herald on “ The Wage Level," 
1/3/34. 

Examine this piece of masoning from the point of view of atatiitical 
method*. (('orjxmrtion of Accountant*.) 

1#. Prove the two following pro]*>*»tionft : (a) The error in an 
estimated sum is eoual k» the sum of the emirs in the parte when each 
k multi plied by the ratio of the corresponding parts to the Hum. 
(b) The emw in the arithmetic average of several e*t (mates k the aum 
of the emirs of these estimates, when each k multiplied by the ratio 
of the WTcaponding estimate to that of the mm of the estimates. 
(CorjKmMion of Accountant*.) 

14. In a certain industry wages were reduced 5 per cent, raked 
10 per cent., reduced 15 jwr cent, and increased 20 tier cent, over a 
protracted period, each fwrroetttage being calculated on the warn 
current when the change was effected. Ascertain the change in roe 
whole period. (London Association of Certified Accountant*.) 



CHAPTER XIII 

AVERAGES: 1. ARITHMETIC AND GEOMETRIC 


Statistical Groups. —The profit on Home articles in large t amt 
on others small; Home wage-oamer# earn £1 a week* others more; 
the sales effected by one traveller are litany, by others. few; the 
output of varii hi* piece-workers in a factory varies considerably as 
h'tuwii those engaged in the work. 

Different units of the same kind or species which (exhibit 
variations are spoken of as Variables. 

When the variations occur over a period of time, i.e. day by 
flay, year by year or other periods, they are designated historical 
variations. 

Ignoring time variations of the items in n group, two 
quantitative features can be noted 

(a) The measurable characteristic. t.(j. the weekly wage of 
workers in a factory ; the output of pieceworkers producing 
similar articles. 

{h) The frequency, r.jj. the number of workers earning a 
given wage; the number of piece-workers producing a 
given quantity of similar units. 

These are of great use in statistical arrangements, as will be 
described later. 

Averages. - In a large group of variables of a like kind it it* not 
easy to gniap the size of the items composing the group, but a 
typical specimen may be selected to represent tho group. The 
choice of this typical example may lx* made in various wavs, one 
of which is to find an average. 

The Uses of Averages are 

(a) To give a comprehensible concise idea of a group of items. 

(b) To afford a basis of comparison with other groups. 

If we are toki the number of articles produced by each of lOtKi 
piece-workers, we find it difficult to judge what is the usual output 
of the majority. When informed of the average, we have at once 
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a definite idea. Again* given the production output of each 
the workers in two different factories producing similar article 
it would be difficult to compare the respective efficiencies in tl 
two factories ; but if the average output of each factory i» state 
a comparison can easily be made. 

Kinds Of Average. There are four kinds of average (sometime 
called mean) which are commonly used ; 

1. The Arithmetic Average or Arithmetic Mean. 

2. The Geometric Average or Geometric Mean. 

3. The Mode. 

4. The Median 

The Arithmetic Average or Mean G the sum of a group o 
scrim of items divided by their number. 

The aim pie arithmetic average is calculated thus : tin* numlierf 
of orders taken by 10 salesmen on July 31 at wen? : 0. In, ft, \) 
12, 7, H, H, fi, The total orders were so. 

The wimple arithmetic average is s orders per man, 

The iiujiorUrtt point is t hat all the units must be homogeneous foi 
the purjKiae under consideration. 

A Short Method of Averaging Large Numbers is as follows 
Assume an average by m.sjM* lion, find the deviation of mirnW 
from this nastmtrd average, take the average of the deviations, 
and add to or subtract from the assumed average. The insult 
is the true average. 


Jujcamjrfr : ■ 


\ 

r 


Ucuvw. 

Attainted 

Average. 

Devmiions. 

sra 

MW 

■* 3 

845 

KM* 

- 5 

lift? 

850 

+ 7 

sen 

m t) 

•e 12 

*41 

850 

- 0 

sse 

850 

-4- f* 

m\ 

850 

+ ll 

- Total 4- 2S ] 


Number of Ucms ■*■ 7. 

Average of deviations 28 ; 7 4. 

True Simple Average KM) f 4 * 854, 


Fm. 47 —Short Mkthud or Avkraoino Laror NtrxuiA 
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Weighted Arithmetic Average.—la the simple average each 
item in the averaged group is regarded os of equal importance. 
Items vary in importance, however, and to obtain a representative 
average it is necessary to multiply each item by a suitable 
u weight ” corresponding to its importance, and divide the total 
of the products by the sum of the weights. This is then called a 
weighted arithmetic average. The procedure is letter shown 
by the following example. 

Weekly W'a^r^ paid by Ltd. 



No. of Worker* 


\\V«'kh 

ill each ! 

r*ivub»-t 


Hate of Wage. 


On 

{b) } 

(«) X (H 

*. 



lili 

INit * 

2.700 

35 

120 

4,200 

to 


23.4100 

&o 

420 

21,000 

4>0 

i;n» 

7.8UO 

215 

i 1350 ; 

50,300 


...... . wuoo .. u 

Weighted average - -- 44-ks. 

The tbniph' averag** would be (total of column (a)| .»* 43U. per *wk» 

but the woighti'd avffruge given an average Hv<-kl\ wiigk* id 44*t#«. through 
taking account-of the? bigger profMirtiun <»f workt>rH at 40*. and 50*. 

Fto. 4H. - WKioirritii Aumonrrti' Avkrauk. 


Weighted Average using Approximate Weights.— When actual 
numbers of items can be used m weights, this is best, but for some 
purposes actual quantities aw not known, then a dodb estimate 
may be made, and the estimated numbers can be used m weights. 
Estimated or approximates! weights, if reasonably selected, 
make very little error in the resultant average. (See Fig. 40, 
page 61.) 

It will lx? noticed that although the estimated figures differ 
considerably from the actual in Fig. 48, ilic average is 43-27*., as 
compared with 44•$#. using actual numbers. 

The following example shows the importance of using weighted 
rafcwe. 
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Coffee l* mold at la,, Is. Ski2s.. %s. and 4s, lb. The simple 
arithmetic average is :— 

l*. *- I#. 3d, 4 2s, 4 3*. 4 - 4s. 11*. 3d, 0 , n 

r> o 

This figure is only of value if an equal weight of each grade were 
Wttikty Wagr* jniid in Ltd . 


WWkly 

i Estimated 
No. at Koch 

Weight. 

lYudnct. 

| Wag*'. 

;. _.l 

... - 

A, 

HO 

i 

150 

: 1*5 ; 

45 

35 

s 1 m 

; i*5 

52 5 

40 

IH.I0 

1 « • 

240 

50 

S 400 

i 4 ; 

200 

00 

j 150 

! i-fi j 

W) 



I Ml 

027*5 


Weighted average* ft 43*27*. 

!<(u. 4U W mumnit AvtiihUh I his<« Kmtimatkij Wkimut*. 

mold. In fact sale* were I3t»2 lbs., 1200 lhs., 001 lbs., 4,70 lbs. and 
222 lbs. These quantities must be used as weights : — 

(1302 * is.) * (1200 v 1*. 3d.) (0(il \2«.) - (4 r»i <:u.) ;■ (222x4*.) 
T 1302 {' 1200 - util i 430 . 222 

7022 

■ \S. S'iUkl. wr lb. 

41th* 

The work ean lie reduced by using approximate relative 
weights . 

(H>: Is.) - (12 ■’v (10 v 2*.)-i (5v.k) ! (2 < lx,) 72 M 
14 r 12 * 10 ; o ; 2 '“jiT 1 *'**' 


Advantages and Disadvantages of the Arithmetic Average. 

Admnfayes. 

(«) It is easy to understand and calculate, ami is commonly 
used. 

(b) It makes me of all the data in the group, and can be 
determined, therefore, with mathematical exactness. 

(<r) It can be determined when nothing more is known than the 
total value or quantity of the items, and the number of 
them, are known. 
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liimdvaniagu. 

(a) It may give undue weight to, and he unduly influenced by, 
extreme abnormal item*, < \g. in a business there may be a 
few earning very high wages, making the average higher 
than it would be without these included, and although the 
bulk of the workers are earning the same wage as those in 
another business, yet the average would give the impression, 
wrongly, that better wages are being paid in the first 
business. 

(7/) The average? may be a value which does not correspond 
with a single item. e.<j. (1) In Figs. 48 and 49, for instance, 
no worker earns exactly 44•&*. u week. ('2) The average 
number of employees in each department of a business 
was found to lx? 4*8tf fiersons, hut obviously the actual 
number in each must be an exact whole number. 


The arithmetic average is the most useful average for general 
purposes, and should U* use*l unless particular reasons call for 
another met.Iasi. 

Uses of the Arithmetic Average in business include the following 

informative averages : 


Revenue »unl vxj* n?« 

Sult h, tlmly, monthly, Hr, 

Output (wvcklv, etc.). 

„ (per man. per muHmi*, Hr.), 
Number uf employee* b\ h j«*r 
deptetc. 

PlcuU. in service. 

Depart menial, etc. ollueatk-n »>{ 
fbctxl vxprw*, c.g. rrut hy 
space. 


Oj** rut ion coats. 

Nulr* f*/r art icle. 

Kuira uf imy. 

Pip ework earnings. 

lk«nt)M » amin^. 

IVr capita eoimirupthm of 
aruclcti. 

Labour and mar him* hour 
rate# for recovering sm* 
cost. 


The Geometric Average or Geometric Mean. The geometric 
average is usod chiefly in averaging ratios, and in particular* 
index numbers, which express rates of change. It is useful'^: 
because it <Iooh not give much weight to extreme items. This 
is a reason w hy it is uaed for the averaging of wholesale prices 
for the purposes of the Hoard of Trade Index of Wholesale Trice*. 

These ratios, w hich are usually termed “ percentage relatives,” 
should never Ik; averaged by the arithmetic method, m the result* 
would be false (unless all the quantities are equal). 

Method of Computation. —The geometric; average in the nth 
toot of the product of n items in a group. For example :— 
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The geometric average 10, 100 and 1000 fa if 10 x 100*5" 1000 

f i\oik»"do6 too. 

, rl it *• • 10 4-100-1-1000 

1 iio arithmetic average m % -- 3d>. 


The use of the geometric mean may he shown n« follows : ~ 



1035. 

1030. 

The price «.»f boxrtd |T**as i*» 

Sid. 

M. 

„ linwd l»cef is 

2(Vi. 

nwf. 

Then© prices can lie represent©* 1 aa 

follows 

, calling the price in 

l»3fl KM) 

1035. 

105(1. 

|iok»'<J pTHH 

1 «*0 

2O0 U.f, dnuhlv 1035). 

Tinned best 

1(H) 

50 ii.r, half 1035j. 

Total 

LMM( 

25C» 




A rif-h meric average 

too 

125 

Geometric average {^lOo .< loo 

loo 


„ v' 201 * 


loo. 


The arithmetic average wrongly shows n percentage increase of 
25 percent-., hut the true fact, as shown hy the geometric average, 
i* that then' 1ms t»een no change* in the average price condition 
of these two article*. This is because the price of ]>m* wits 
doubled, hut the increase is offset hy the halve*! price of meat 
(assuming equal weight to each), 

When there are many items, e/j 49, the calculation of the 49th 
or nth root nerd* a simple knowledge of logarithms, and as their use 
also simplifies multiplication, a simple explanation of the two of 
logarithms for the purpOHt* is given in Chapter XXII. 

Advantages and Disadvantages of the Geometric Mean. 

Admningrj, 

(a) It makes use of all the data in a group, and can ho 
calculated with mathematical exactness, provided that all 
the quantities arc greater than zero ami fioiuiivc. 

(/;) It is the only average that can he used to indicate rate 
of change, t.g, from 1935 to 1937 prices increase*! 5, 10 and 
15 7 per cent, respectively. 

What win* the average annual increase ? It wa» not 
10 2 per cent., as shown hy the arithmetic average 
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r> ,'.?A9 r .„*®.7 1= - io*2, but !>-2 jwr wnt., m shown bj> the 

3 

geometric mean, viz. ^ 5 x 10 v. 1-5-7 -$'785 ~~ 9-!t 

per cent. 

{<*> l^i-rgc item? have less effect on il than in the arithmetic 
average. 

IHsadnmta&e#. 

pi) U is impossible to use it when any items ure zero or 
negative. 

(f>) ft in more difficult to calculate and less easily understood, 
(r; It iiihv locate a value which does not curresjiond with any 
actual example. 

The Moving Average. An application of the arithmetic 

average is the moving average. 

The moving average is a simple method of indicating the trend 
measurement of data over a jieriod. 

To obtain the moving average a jktukI is taken which is Jong 
enough to eliminate the eft'erf of ordinary seasonal or recurring 
Hud nations. , 

Consider tin* data in Fig. 5u. 

Annual Profit* oj PQ (’iwiftauy 


11 ar. 

Profit:* . 

5 years* 
Moving 

1 

] 4Ml 

A verity***. 

•» 

2 <H) 



44NI 


4 

7lK< 

2,58*2 

5 


4,M2 

6 

lu.olo 


7 

9.500 

0.340 

H 

< 

1 7,020 

9 

; 4.590 

! 0,098 

10 

5,000 

! 5.218 

11 

i 5,400 

I 5,079 

12 

5.100 

} 5.280 

PI 

; 5.300 

: 5.400 

II 

I 5.000 

1 

J5 

; 5,000 \ 



\ £55,400 I 

I : 


15 years average »» £4300. 

Kio. 50. — Sr. ruts or I>ata Showing Moving Avf.kagk. 
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It i# considered a five yearn* average will be representative* 
The firet five years* profit* are totalled and the average is taken. 
Thk figure is placed opposite the third year, i.e. the centre year 
of the five. In a H or 7 year average it would be placed opposite 
the 2nd and 4th year respectively. Next years profit, £10,000, 
in included in the five years* total, and the £loo of the first year 
in dropped, and bo on, i.c. one further year is included and the 
earliest of the previous five is dropped each succeeding year. 

The result of these calculations is shown in the last column in 
Fig. 50, from which the trend of the company's earnings is dis¬ 
cernible. Progress has been consistent after allowing for the 
abnormally profitable Oth, 7th, and Slh years. This etui be shown 
in graphic form m will l>e illustrated in a later chapter dealing with 
trends. 

The trend of turnover show n by the moving average enables 
the management to forecast the probable trend of sales for the 
near future, so that a reasonably reliable basis is obtained for 
framing future policy. A further advantage of this sales informa¬ 
tion is that a lauds is obtained for budgeting and budgetary 
control in various directions. 

The trend of excuses can be similarly rev tewed, and if the 
ratio uf cxjtenwf* to sales and production should show a tendency 
of expenses to increase out of proportion, an inquiry would be 
prompted. W here a noting system is in ojwnition, the causes 
will have been indicated already. 

Probably not the least valuable use of the moving average is 
in regard to prices of raw' materials and manufactured com¬ 
modities generally, to indicate market conditions likely to affect 
buying of materials, sidling prices and umover. The trend of 
market conditions indicated by various moving averages is a 
valuable barometer which, unfortunately, is not used sufficiently 
by many business men. It is largely on such forecast* that 
some of the most successful businesses have been aide to organise 
their indieies. 

The Progressive Average must not l>e confused with t he moving 
average. When a progressive average is taken, the first figure in 
the Her tea is not dropped, as is done for the moving average. 

The Harmonic Average or Mean is the reciprocal of the 
arithmetic average of the reciprocals of the items. It k found 
by taking the arithmetic average of the fractions obtained by 
placing a numerator of 1 over each item, the average m calculated 
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being the reciprocal of the harmonic mean. The ut*e of thews 
fractions can ho avoided by using decimals. and tables of 
reciprocals in this form are available. 

Example.-To find the harmonic mean of 8. lo. 4, 


I hen 


;10 ; 8 . ihr, , 3S 1 38 

" sn " r SO f SO ' 80 ' 3 ^ 240 

3s 240 IWI 4l t 
1 ^ - h-M, the harmonic mean. 


The harmonic* mean i* not of much use in business, but may bo 
used for determining average f**rfon»ianr:c. t*g> of alternating 
product ion, s|ieeds or other data showing alternation of 
movement. 


Questions 

!. What is the purpose of average* ? Name four kind# of average. 

2 Write notci* on: (I) weighted arithmetic average. <2) moving 
average. 

3. Discus the advantages and disadvantages of the arithmetic 
average. 

4. What is the geometric average ? For what purpose is it inwxif 

5. Contrail the moving average and the progressive average. What 
is th»* purpose of the moving average ? 

(i. \Vluit an* the disadvantages of the arithmetic average a« a 
ty|K' ? f fowlon AsMH iUtion of (\r(iji* d AcawiUantj s.) 

7. (a) Define geometric average and state concisely under five 
headings its charm■bfiatie*. (A) in what, direction, if any, w the 
geometric average particularly useful in the preparation of published 
Ht alisties ? {London A**ocwtiun r fi ( V rtijhd Accountant *,) 

S. .Find the average of the items 71 11, 83*7. 5241, 07*3, 3fi*9, 7241 
when weighted with weights jvrnjMirfioiuil to 2, 5, 1*5, 7. 4, 3. 

What would be the approximate etlrct on the result if all the weights 
were increased by 0*5? (('turn of Lancashire and (shire Institutes.) 

3. Define a geometric average and state its characteristics, 
Incorporated Accountants iFinal),) 

10. Distinguish betwwn the Arithmetic and (*cometxfc mean. 
Wien should the latter be used ? (IncsirjMtmted Accountants {Final).) 

11. Why is the geometric mean used in the construction of index 
nurnlew of wholesale prices ? (f »io» of Lancashirt and (. heshirt 
Institute*.) 

12. State the advantages and disadvantage^ of the arithmetic 
average as a type, (/ ncarjx/raJUd Accountant* (Final).) 

13. How is the *' Harmonic mean M computed ? Illustrate your 
answer by assuming that on a sjxxifie journey alternate miles are 
travelled "by an aeroplane at 80 and 100 miles jx*r hour. {Jxmdon 
Association of Certified Accountants.) 
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14. The following in an extract from Tabic- 14 of the 
Volume of the HKtl Coimuk, relating to the County Borough* 


j J>wrl' ; j ' 

K*» mi¬ 

Per- 

: ling* i Kmmu * Private*! Pnpula- Jtooma 

4Mi. I ic-r . hyj Or*’. Ity : Kami turn in ; *>*■» . 

lieu 

Wtllw 

i**r 

l«*r 

Private Private : Hr.t, j private! Ihuvl. 

ihr. 

Fimi- 

) l*ami- iKttinilh'a. :Kajtuli«*x. : hn#. 

Ii«*. 1 J i ; 

lillg. 

i»y. 

K. Ham ! 2u,iiM *. :n,77r» i i: 


1 :t-7i 

HoutJvW ! ! 114..1*9 6 7«> 

w Ham; 4 *m»ho n t ym ; jm.ihs i 

l-ll» 

a -in 


The lot Knvt* A.<\ mrlteim# the C.IJ \ w : 

iMMTS •’.VH>l.74f4^^! f 430]l l t(h7,O74 i .VP.t I I IT ; :j*7f 

l i i 


Yim urr rwfuiml to Ui) romplKe tlw* Uibl«* to the 

wiVuUting 4fi<l tilling in thi* mining ti*»ute-; \h) hiut tin 
numlier of jMM^ons jkt funiilv for th** time f,IV\ taken 
(AM .Ut.O ) 


Housing 
of Kates' 


: Per- ; 
non* ■ 
|**r j 
Ktx>m. 




0 s| 


1 .'iverni'e 

toirctJuT. 
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AVERAGES: II. THK MEDIAN AND THE MODE 


The Median. - The writ Imiutic average is not sat isfactory for 
all purjioses. For m.Mauit, it is difficult to measure certain 
qualities for which an average might I:** required, hut for which 
no mathematical me as me can \w employed. It is usually 
impracticable to state definite measurement of such things m 
the ability of employees. wWeKising campaigns. endurance tests 
and other factors in business. Further, it is not always |sensible 
to obtain all the data necessary for the computation of tlio 
arithmetic or other calculated average. On the other hand, 
however, it may Ik* [possible, for instance. to arrange employees 
in order of f i>m|«*teni e or intelligence, or forms of advertising in 
order of results, and if such an array is made in order of si/,© 
or importance from the lowest to the highest (or vice versa), the 
middle item may he regarded as the average pm\ In statistic)* 
t hi* middle item of an array of data is called the median. 

The media ti'i* a j*usiti<>n av erage, and is the value of the mid- 
case in an array. 

To Locale the Median all the items or nundicr* of a group or 
class are arranges I in an army in order of the items are 
counted and the middle item is the required median, The median 
thus has the same numU'r of items above it as below it. 

The jxmtitm of the. nan ban can U‘ found by the formula 

^ \ in which n is the ntindier of items in the array. 

In the array arranged in Fig. fd the median is the 7th item 
(viz. * ^ *! — 0 - 7th item), which means that the median 

average weekly sales in three months is £103. 

If the number of items in the array in evm. the practice is to 
take the mean of the two middle items, as the median must lie 
between them. One item removed from the array in Fig, 51 
would make the median the fijth term, is. between £102 and 

£103, with a value of ^ * ' £ 102}. 

#7 
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Median tn a Grouped Series of Items*- - The procedure is similar 
to that just described. Two types will be considered : (a) When 
the items have been groujx*! by values or sizes (see Fig, 53) 
the median mint or size is that of the group in which tho median 


! Ww*k 

\W‘kiy Sato* 

Weekly Sales ■; 

! No. 

for 3 months. 

for 3 months. 

r... 

£ 

£ 

* i 

102 

OH 

2 

100 

on 

3 

ns 

w> 

4 

iwi 

100 

; 5 

in:* 

102 

; a 

sn» ; 

102 

7 

102 

103 Mr,Ittui. • 

H 

ins 

104 

U 

\m 

104 

in 

104 

loo 

u 

tin 

100 

12 

lot* 

los 

13 

104 

law 

Fio. fit.. 

OllfiUNJlf. lUTA 

FlO It*. . 8aMK 1)ATA 

pNAJlHANOEU. 

tX A SlMrUK Assay 



is OnoKii or Mao- 

MTU U KM. 


item fulls, The riumb^ occurring are arranged in a cumulative 
total column, and the median its then !V tu J. For example, 

4000 ) 1 

in the array in Fig. 53 the median size is the size of Hie — g 


**■ 2305th item. By in *j sating the cumulative totals, it is noon 
that this item falls in the total opposite size and this therefore 
is the median size, »\r. the median average size of shoes sold is 8^. 

The series in this example is a Non-continuous or Discrete 
Series lxM ause it is set up in classes differing by definite amounts 
(sizes in half inches) known as class intervals. 

(fc) When the items have Won grouped into classes, in which 
it may la? ussninied that the items in each ela$# a re equally 
distributed in order of size within each class, the median value 
can be arrived at as follows, using tho data in Fig. 54. This 
data is baaed on an analysis of the pay-roll, and the median 

wage will be that of the s* 151st item. From inspection 

A 

of the cumulative total it w ill be seen that the I5!st employee b In 
the tliinl group (earning but under 2&?. a week). As the 
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employees at various wages in this group may be assumed to be 
equally distributed within the group, the median wage may be 
calculated in the following manner : count the number of items 

X Co. 

Number* of Shoes Sold by Size* in One Vutr 


( 

Six#'. | 

Number of Pair*. 

Cumulative " 
Total, 

a ; 

30 

30 

q 

40 

70 

0 

50 

120 1 

H 

ISO 

270 

t 

300 

570 

n 

000 

1170 

8 

050 

2120 

M «'■ K§ 

820 Mcvliun in 

2040 


this total. 

I 

M 

750 

3090 

n 

440 

4130 

to 

250 

4380 j 

m 

150 

4530 

n 

40 

4570 

Ml 

30 

4002 ; 

i 

Total 4009 



Kiu. 33. 

Thus Army tic cording to tifco* in t.onnad » Kroijuoiicy Distribution which in Discrete 
or mm'continuous. 

X Co. 

Number of Employer# Empujtd at Various Weekly Wayr Haiti* 


\Vagt» Gn>o|««. 

No. of 

! Cmiiulutivv 

<; KinployKH, 

Total. 

10s. and undt*r 15*. 

! 30 

30 

. 15*. „ 20a. 

45 

75 

20*. „ 25*, 

• 150 

225 

i 2b*. „ m*. 

! 30 

201 

! 30s. 35 a. 

i 24 

285 

i 35a. and over 

10 

301 

i 1 Total 301 i 


Kiu. 54 .—-Continuous Kkkiks Aruanokd rtm Kin ding Median Waok. 

(employees) below the median group, t>. 30 -f 45 - - 75. Deduct 
this from the median term (151), m. 151 - 75 70; then in the 

group 20*, to 25*. in which there are 150 employees, the 70th is 
the median. Now, as there is a difference of 5s. between the 
lower and upper limit of the group, the median item may be 
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regarded a« being of 5 distance from the lower limit (20/»,), 

*>, the median wage u* 20*. j ( *!*• x 5) — 2(hr. f yj^J ** 

'.too / 150 

This tx to say, that the median average wage of the X Com- 
patty’* employee* ix L 1 2*. <W, 

Thin procedure (known ax Interpolation), if applied to a *eriee 
of a discontinuous type (its in Fig. 53), may give only a fictitious 
value, ax, for instancy a fractional size which cannot exist. Thus if 
xir.o* are in, my, half inches, it would lx; an obviously fictitious 
value if (in the previous example) a value were calculated for 
the 2305th item at something lietweon 8 in, and H| in. In that 
aeriea all the item* in the eighth group must he size si in. When 
instead of fixed sue* the item* are cont imams measurements 
like tons, gallons, earnings, etc.. intcr)*olalion is often j^rmissihle. 

Finding the Median Graphleally. I Mot the cumulative totals 
of the item* on a graph, using the base line for the group intervals, 
and the vertical axis for the cumulative numbers. This is illus¬ 
trated on page 95. based on the data in Fig. 54. Mark the median 
position on the vertical axis (151), and draw « dented line from 
that point to intersect the curve: then a line dropjxat from the 
point of interaction to the how line indicates the value of the 
median on the base lino scale, as in Fig, 57 (22*.V.)- 

Adv&ntages and Disadvantages of the Median a* an average or 
tyjw: 

AdmnUujes. 

(ft) If found directly, it is representalive of an actual item. 

(it) It is simple to understand. 

(c) Kx triune items do not. affect its value. 

W) It can lie obtained even when the values of all items are 
not known. Provided tho middle items arc known, and 
that there are the same number of larger and the same 
number of smaller items, the median can be located. 

(*) It cun 1 h; uses! for measuring qualities and factor* to which 
mathematical measurement cannot txss given. 
Itimidmntiigw. 

(<*) If the items are few, it is not likely to be rcpreaent&tive* 

(fc) If the distribution is irregular, the location of the median 
may be indefinite. 

(c) When the item* are grou|xvl (as into classes), it cannot be 
located with precision, particularly in a discrete aetieeu 



AVERAGES: II. MEDIAN AND MODE M 

{d) The arranging of data in the necmary array in often 
tedious. 

(e) It cannot be used to determine the total value of all the 
eaaea or items. The number of items multiplied by the 
median will not give the total of the data. It is not 
suitable for arithmetical calculations, and has but limited 
use in practical work. 

The Mode. —The mode is what many people mean in ordinary 
conversation when they refer to such tilings as an average income, 
an average person, etc. An example which is most frequent 
or typical is implied. It is the term used to designate the mast 
frequent item in a series ; the value which wcur* most in a group ; 
or the position of greatest density. The mode may therefore 
Ih* defined as the size of the variable that occur* most frequently, 
or the value aTMrrtK^Uui^ recur. Tb^ -mode is the 

pwdlinn of the maximum ordinate in a smoothed histogram. 
This is illustrultd in Fig. 50. 

bike the median. the mode has \cr\ limited practical use, and 
cannot be used for arithmetic manipulation. It is of value, 
however, for the purposes of. say, the maker of ready made 
clothes, or the manufacturer of eertain components or oeecHSorieH 
in common use. in deciding ujton wages and rates of pay, an 
employer will usually adopt the modal rate --the rate, paid by 
most other employers. Many other practical punts in business 
arc dependent upon jtomc modal feature, particularly in regard to 
wages, rents, prices, sizes of supplies and the like. Not 
infrequently modal information on many of those matters can be 
supplied straight away by persons of experience. On the other 
hand, the mode may not be well defined, and in some eases the 
'* point of density n may be rather broad and the selection of the 
mode may be based merely on judgment, or even desire. 

In a frequency distribution it is the p>int of greatest frequency 
of occurrence. 

Like the median, it is a position average, and for practical 
computation it is usually essential to arrange the data in a 
frequency distribution or array. If such a distribution arrange* 
merit does not show a well-defined mode or modal class the 
modal average should not be used. 

How to Fbtd the Mode (by Grouping).- -The data are arrayed, 
and not infrequently the mode is at once apparent by inspection 
only, o& in the data in Fig. 54, in which the group “ 20s. to 25e/* 
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m obviously the largest, with 13b item* in it. This, then, is the 
model wage group* 

When there in no apparent mode clearly revealed by the 
array, it i» usually necessary to re group the figures. Thin 
may be done by widening the classes or groups; a procedure 
which smooths out irregularities. This is shown in Fig. 53. 


8iwc 

l 

3 

3 

4 
h 
*; 

7 

8 
t* 

10 

n 

12 
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Numbers of ArtwUn Sold by Sues 
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7 

13 
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23 
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20 
23 
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28 

45 

47 

43 
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4S 

! 48 

1 I 
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72 

l 44 

\ 

i 67 ! 

1 

.IT 1 
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38 

! « ! 
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! 10 

i 

or. 1 
i 

fill 


Kio. 55. -Location or Mows wv (inorriNu. 


The procedure is ax follows : the frequencies are grouped by 
twos ; and again by two*, starting witli the second item. Then 
they are grouped hv threes throe times, starting with the first 
item, then with the second, and lastly with the third. If 
necessary, grouping can lie dime in fours. Ah each net of group¬ 
ings in completed, the maximum frequency is underlined or 
indicate in heavier figure*. It will Wi wxm that the black type 
figures include 

The i\ group 3 time*. 

*, 7 group A times, 

„ 8 group 3 times, 

hence the mode is aizo 7, ami the other most ]x>pular or most fre¬ 
quently sold sizes are sizes ti and 8. 

To Find the Mode (by Formula), The following formula is 
useful to find the exact location of the mode in the modal group 
when the sizes of the items are in grouj>a like those shown in Fig. 
54, or, in fact, for any group series where there? is a regular class 
interval. 

The formula is ;— 

Ixit % •- mode* 

I| anti 4 ~ = the lower and upper limits of the modal group, 
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99 


ft sw the numtmr of item# or frequency in the model 
group. 

ft end f t the frequencies in the next lower and next higher 
group*. 

Then Z ^ I, i 2/ /’://* //* ~ 

\XMr-S ometimes c is used to represent (/ a -■ /,).) 

Substituting the values in Fig. 54 we have 

,W> ,(25-20, 


Z ■2*) -f 


2o 


105 

210 


X 5 




3U0 45 30 

22*4,<, t which w the modal wage. 

Another formula often used in : 

,/V 

also Z /, • r, U 

where r represents ( l 2 / 1 ). 

Location of Mode by Use of a Smoothed Histogram. -TUw may 
lie U*st shown by an example hosed on the following data* w hich 
give the number of orders taken of each of the ni*e* shown, and 
which may l:>e plotted as « *tcp[Hd curve as shown in Fig. 50. 

Order* Takt n. 


Xiimlter. 


2a. an*l unMrr 

4a. 

y 

4a. 

5*. 

27 

Ma. 

Ha. 

4ft 

Ha. 

1(S. 

54 

10a. 

12a. 

42 

»2w. 

U< ! 

30 

14a, „ 

M*. j 

u 


210 


M.-iv # 8 V j^.:^ X <10 - ft) -V frtu. 


In this* graph the group intervals art* plotted along the x-axis, 
and on each division in drawn a rectangle with its area propor¬ 
tionate to the number of items (orders) given in the table. The 
stair-co.se block diagram chart drawn in this way in called a 
Histogram. By drawing a free hand smoothed curve as shown 
(approximately midway between point*), a smoothed Histogram ig 
formed. 
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The highest ordinate of this smoothed histogram indicate** 
the mode, which, it will Iks noon, fall# between 8*. and 10#., i.c, 
at This Lb verified by the c alculation of the mode using the 

formula already given. 

In drawing the smoothed line, as the smoothed histogram 
represents a cont inuous aortal it should begin on the base line, and 
normally (but not tt* an absolute rule) the curve should start 
about the middle of the next group before the minimum extreme 
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and end «Ih>u 1 the middle of the space representing the last 
extreme measurement. 

Series with More Than One Mode. A series may have more 
than one mode, and is then said to Iks bommial. tri modal, etc. 
In practice them us usually one prominent mode, with kuI>* modes, 
although several modes may lx* of equal importanc e. This might 
/happen with data nutating to the Hale of good*, there being different 
fnodea for low -, medium, and high-priced artic les. By separating 
the data for each grade a uni modal aerie# for each of them is 
obtainable. 
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Advantages and Disadvantages ot the Mode. * 

Advantage*. 

[a) It is easy to understand. 

(b) Extreme items do not a Afoot its value. 

(r) Like the medhui only the middle items need !>o known. 



Uimdwntnge#* 

(n) It is often not clearly defined. 

(b) Exact location is often uncertain. 

(r) Arrangement of data as an array, and the regrouping of 
items (when rwpimxl) is tedious. 

[d) It cannot be used tor arithmetic calculations. aw for 
instance the determination of the total number or value 
of all the items. 

QuartUes, Deciles and Percentiles. -We have ween earlier that 
the median is the position average of a series which has been 
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arrangetf in an array. The items above it in the array are larger, 
and those below it are smaller. If instead of taking the median 
items we divide the arm}' into four division# instead of two, the 
size of the items at three point* in the array w ill be ascertained— 
namely, at the quarter, half and three-quarter*. The aizee at 
these point* are known rt*qicr*tively a* the Quart ile, Median and 
Third Qu&rtile. Dividing the array in ten equal division*, the 
sixeii at each point am Docile* ; and if in one hundred divisions. 
Percentile*, and similarly for other divisions of the array. 


Thu* if n is the number of items 

in the array 

The Median is 

» i 1 
•» 

1st Qtmrtilc is 

n ; 1 

4 

3rd Quart iic is 

»(« : 1) 

4 

1st Quintile is 

n ; 1 

•j 

1st Decile* is 

u - r 1 

10 

Nth Decile is 

■ I) 
lo 

27th Percentile i* 

1) 

|(HI “ Hl s< * 0,1 


In a group array the interjsilation within a group can 1** 
eahmlrttod m for the median a* explained on page 00. 

( 'onsidef first, the quart dies. They afford new in formation— 
namely, how much the items vary from the median, or. in other 
words, the quart ilc* express the spread or scattering of sizes or 
values from the median average. They are an aid to forming » 
rough idea of the amount of deviation from the median, which is 
often very useful information. The median gives a form of 
average size or value, and the quartilea give an idea of the 
tendency to deviation below and alcove that average. The first 
quart ile is not necessarily of the same magnitude a* the thini - 
in fact, the deviation shown by the two quartiles is frequently 
different. It in only when the array reveals a symmetrical 
variation above and below the median that the quartile* are 
equal, and the median then lies exactly halfway between the 
lower and upper quart lies. When the variation is not aym- 



AVERAGES: II. MEDIAN AND MODE if 

metrical, we have what w known an Skownoaa, but this aspect of dfe- 
tribution will not be considered further at this stage except to 
point out that when the variation is greater towards the lower limit 
of a series, the Skewnc*# is said to be negative; and towards the 
upper limit, positive. (See page 123.) 

The position of quart iles, quintiles, deciles and percentile# in 
relation to the median can Iw found, anti their values assessed, by 
means of a Frequency Curve drawn through points plotted for 
the cumulative values of the items (a cumulative frequency curve 
is called an Ogive). An example is given in Fig. 57. 

It should be observed that the mode is found by plotting the 
actual values, not the cumulative onw. 

In roiiHidering n frequency curve, it should l»e observed that 
the flatter the curve the closer are the quart ile# to the size of the 
median. 

An example of the use of quurtilcs in business i« that, of 
grading. Salesmen, factory workers, shop assistants, goods sold, 
etc., can Ik? graded by making an array of the data concerning 
sales, production, hours, etc., but this uw’ is very limited, and 
as a rule averages and index numbers (dwriheri in the next 
chapter) arc more informative. 

QtTE.HTIO.N8 

I. From the data given, construct on rmr chart the Frequency 
t ’urvcs representing the distribution of the ages at marriage of male# 
and feinnliw in Kngland and Wales. 1031, and read off the modal ages. 


Ag^'w »t .Marriag*-. 

Males. 

lo IIJh1»’S, 


tFigui , » , s 

roifvcf to 


Ji-'iirent 

hundred.) 

Vnder 21 war* . 

VM> 

41M 

21 but in *1* 25 

071* 

1,206 

25 „ no 

Kina 

*50 

no „ as 

:i7s 

257 

nr> „ 45 

222 

170 

45 ,, 55 

Inn 

76 

55 years and upunnd-< . 

07 

41 

(A\.IV,.f;.(/.) 

.f 


Wl. iti Kilos, j Vn. of lYr-nm, 

Wt. in Kdo 

•*. : Sn. fd PersOfiK. 

65 60 l 

40 44 

7 

6064 : 2 

55 51! 

11 

55 m \ 4 

30 34 

! 5 

50~ 54 : 7 

45 4 SI j 15 

25 20 

4 

J 
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Find the? met)inn and the arithmetic mean of the above.given 
nicasuremeni*. Plot a smoot h curve for the frequency group. (Hu tiding 
S<ttiriir.M htotitutr.) 

3. Plot a cumulative curve for the data in question 2 and indicate 
the jtoMtton of the median and the two qunrtifo*. (Huilding Socictirn 
hirtituti) 

4. What is the mode ? What are its advantages and dis¬ 
advantage* ? 

f>, Descrilm two wav* of locating the mode. 

ti. Copy th** smoothed histogram in Fig, 50 and insert lira* to 
indicate the position of the median and arithmetic average, 

7. Find the arithmetic mean and the approximate value of the 
mode of the following frequency distribution of the wages of 250 men, 


Wages in 

Numlsr 

Shilling*. 

tif Men. 

I Her ISO 

15 

55 1*0 

21 

m» r»5 

:a 

45 fin 

fit 

40-15 

15 

55 to 

10 


Wages in 

Nutnls*! 

Shillings. 

of Mm. 

50 55 

IT 

25 50 

15 

20 25 

to 

15 20 

ii 

l Ild'T 15 

1 


(Inion (if lAtnawhin anti ('hishin hiditiWs.) 


8. I>raw a hi'togrnm and an ogive curve of the figure* given in 
Question 7. Determine the values of the median arid the quart ile* 
graphically, (I'nion of L*inai*htrt and ('he*htr* I nxtitutf v ] 

9. State the advantage* and disadvantages of the humIc as a tyja?. 
{Ijfmdon Axtou'iatiftn of Certified Accountant*.) 

10 Define (a) arithmetic average, (b) geometric average, (r) median, 
(d) mode, (<A quartilc. Instance ease* when (/q, (c) and (d) are sj jovially 
appropriate. (Corfxtratkm of Accountant*.) 

II. State the advantages and disadvantages of the mode. (In* 
ear fannied Accountant* (Final).) 

III, State the advantages and disadvantages of the median as u 
typo. (Incorporated Accountant* (Final)A 

13, Determine (by grouping) the mode of the following series :— 


rn. 

f> 

r> 

7 

h 


10 

11 

/• 

:«» 

40 

45 

52 

. 

54 

40 

48 


12 

13 

11 

15 

111 

17 

18 

/■ 

47 

53 

52 

47 

43 

42 

45 


{incorporatt.il Accountant* (final).) 
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14. Comment on the (mitaluUty of the claaa interval* below for uiae 
in coniuetion with data* of which a wimple item would be 29 9 :— 


M 

W 


0 10 

0 00 

0 0 05 

H> 20 

lot 00 

0 05 1005 

20 30 

20 20 » 

10 05 20-05 

an -to 

30 30-0 

2t»05 30*05 

40 50 

40 40 0 

30*05 40 05 


[inr*»rftortitr<{ Amruntaut* (Fittnl),) 

15. Why is a frequency table preferable to an average? {/#&- 

Arnntninni.t (Finn! i.i 

lb. tlrapii tin- following distribution of wages. iMermine the 
arithmetic mean wage and the median; indicate their {KisjUun in the 
graph 

Weekly Ww*. Xn. of Men. 


:m-4ti 

It 

40 -f»U 

20 

50 50 

♦it 

On To 

M 

To HO 

35 

HO -00 

21 

On jon 

13 


(Lundon < l«mh*r of ( ommcrcf ,) 

17. Stale briefly ami ron- i^ lv f.h» fc chief fallacies in the tine of 
averages, \lsm<Uni Atixr.tnnfion of O rtijit.d AwountuHt*.) 

IS. Lijeate by grouping the inode of the following frequency 


distribution ;-■* 
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15 

4H 

0 
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02 

10 
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W' 

00 

17 

32 

11 


5H 





{IncorfforaU'd Acrovntoni* ( Ft mi/).) 


19. Arrange the following data in a frequency distribution. 
Calculate the arithmetic average, median and mode. 
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SUUirtie* oj Weekly Wagt'Earnm 


Weekly 

No. o! 
Wage- 

Weekly 

No. at 
Wa#o. 

V\ 

Kamur*, 

W <*)*<>. 

Earner* 

140 

1 

2W-0 

1 

15 0 

l 

200 

1 

1M> 

4 

:uhi 

10 

IHO 

rt 

3»o 

l 

*200 

7 

32 0 

1 

200 

l 

320 

l 

21 0 

4 

350 

1 

220 

4 

30 0 

l 

23*o 

«* 

3HO 

I 

24 0 

! 4 H 

400 

3 

250 

7 

450 

<; 

25-tt 

1 

500 

1 

2*1*0 

1 

r»r>o 

i 



Tut ill 

72 


f lnearpirated A crounUint* (Vi nal).) 
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CHAPTER XV 
INPKX XI MHKHS 


When it is desired to compare various forms of businem 
artivitv and to ascertain what changes have taken place from 
one period to another as between various aeries of data, simple 
comparison and the use of*averages are inadequate, and resort 
is made to the device of Index Numbers. 

An Index Number is a statistical device for indicating the 
relative movements of data where measurement of the actual 
movements is difficult or incapable of Iwing made, 

in effect. data are made coin parable by the itilrnductinn of a 
common denominator. To take n simple example, suppose that 
in 11130 the total of. say. the median (or average) price of 00 
articles dealt in by a business is 3nn*. t and a total taken in 1037 
(or 00 similar articles amounts to 3UU«. Tin* ratio between the 
price total for 1037 and that for I MO can lie expressed M a 
percentage of the earlier year thus ;. 

3 po 

3U.. " m n< ‘- 

This is the index number, and shows prices to Ik* 30 j>er cent, 
higher in 1037 as compared with the prices in 1030. 

The Increasing Use of Index Numbers in Business management 
indicates that this method of analysis has practical value. Not 
only is this statistical device used for indicating relative price 
movements, in which field it is extensively employed, but also for 
data in relation to production, jxjrsomud and financial matters. 
These index mtihbcrs formerly used almost entirely in respect of 
general external conditions are now also frequently employed for 
measuring relative changes in internal data whereby the business 
executives have supplementary information to guttle them. 

The important thing to remember is that the index is not 
intended to show the course of movement of a single item during 
a period, but to give an indication of the general trend of some 

100 
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group or series of data a* compared with some Hcleeted banc. 
Tlw feu tun; m that it give# an indication or estimation of the 

comjMiMte variation in many fat-tors which affect changes In a 
»erios of data. 

Preliminary Considerations in the Construction of an Index 
Number must in; such that all factor** are combined in a manner 
which will give each of them weight proportionate to its relative 
importance. 

There am many methods of calculating index numlKTS, some 
of which will be daw-rilied. 

In the first, place the following preliminaries of general 
application call for decision 

1. The purpose must l>o considered. 

2. What units or items, and how many of them, shall be 
taken into account ? i-'or a price index, for instance, a suitable 
number of prices to lx; included must be decided u]k»o. For 
general purposes 45 to flu w ill serve, although for some purposes 

many as 150 and 200 or even more are used. 

Ii. Proper M weight,’* according to relative importance, of 
each of the items, Notice in Fig. 5K iron is included twice to 
provide a suitable weight, 

4, The sources of the data to U* included and the method 
of collecting them* 

5. The base to Im?» used as the reference or standard. 

ft. The f<»rm of average to be adopted. 

Observations cm some of these matters w*ill show their import, 

Choice Of Items. -For eonveuienee of description let uh 
consider the selection of items for an index number of wholesale 
prices of raw materials. 

All items cannot 1 k> included, but instead those most 
* raprexenUiiitr of each class in demand are selected, and particu¬ 
larly the ones which art' most uniform txs to tvjie. Tiie market 
prices for each material arc? obtainable from published reports 
and other sources. 

With regard to the munl>er of items used, it has l**cn found 
that a larger number than about fifty gives only small gradual 
improvements in the index number for each increase in the 
number included. The Board of Trade Wholesale Price Index 
in now baaed on 20ft items, whilst several American ones include 
numbers varying from 2(K> to 550. Specialised index numbers 
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based on && few ua 15 or 20 item* are used by Home buHinee* 
houses, and terng calculated on definite data, are aenaftive 
measures of relative price movement*. 

Methods of Weighting. —At thin stage it may be noted that 
weight* can be applied : — 

(a) To the prices themselves, c.<j. prices are multiplied by the 
physical quantities assigned to them and the products 
sumroated. (This is called the Weighted Aggregate 
Method.) 

(/>) To the price relatives, ix. price relatives are weighted by 
e\jH?nditure or outlay. (This is called the Average of 
Ratios Method,) 


In both caaetj the sum of the weights is used as the divisor. 
The illustration of these two mothtsls given later will make the 
meaning clear, but it may be stated hen* that as errors in weight** 
hu\e but small effect there is no need for precision in weighting, 

Sources of Data. For general purposes published quotation# 
('.?/. in trade journals) and those obtained from leading firms 
an* often used. For index numbers relating to internal data of a 
business the cost, production and sales department*' record# 
may he resorted to. 

The Choice of Base may )>e : - 

(a) .1 Fijcul Hum . -A particular year (or average of several 
years) i# decided ujxm, and should lie one of normal 
condition#. The base <mi be shifted without trouble 
when the relatives of aggregates method is used, but if the 
base is shifted w hen using the average* of ratios, tlm HCries 
used must U? calculated afresh on the new' baae. 

(b) f Th Chain lime Method. Fan h year is calculated on the 
; preceding year a* a base, hence the result# are chained 

together. Thus, using data in Fig. 58, 


90 5 


84-2 

100 


702 


76*2 X 


148 0 
JUO 


112'#, etc. 


This method is useful to business men in that (i) there is a 
dimt companion fietween one year and the nest, which is more 
informative than a comparison with some distant earlier baae 
year, ami (u) new items can be introduced or old ones eliminated. 
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■ Til® type ol Average to be Adopted. -Any form of average 
/ (Arithmetic, geometric, median or mode) may he used f but for 
! moat purpofm the arithmetic in the most practical, and, being 
‘ more familiar, is better undenttood. 



I IZf l t ' •’ I 

Ywir ) HMativo , HO I 82 i 110 i HI 362 > 00-5 { #0 5 ! 

„ 2 „ . <! m \ fU ; 12H ■; H2 ; :jh ■ 7H-.7 I 7«2 ; 

(Y«ar rotative* Uum-O on I j ; \ 

ymr I) . . 76 j 78 { 108 ! 78 337 842 ; — : 

Y oar 3 . ‘ 1<>2 | |o:> : III j luti 424 j 106 0 j 112 R | 

(Vw 3 Tteliitivo }m«4«t j f I ; ; ! 

mi y*ar 2 ) 170 j 164 ; 87 : 171 802 i 148 0 j 

Fim 58.—Tin? Chaim lUem Indkx Nr m mat. 

The geometric mtttti is difficult to calculate, and in much lean 
intelligible, but it does not give undue weight to extremes, and is 
therefore often lined for price indices (n.tj. the Hoard of Trade 
Index of Wholesale Price*). The median and the mode, are not 
advisable in biiHinotw Htatisties, and particularly as these are very 
erratic. 

Tub ( au:c lation or Invjkx Numbers 

1. Unweighted Aggregative Method. This method given a 
simple aggregative index number, i.r. the rat ioof t ho totals of price*. 

The total of the values of the items is found for the baao year 
and the current year. The latter is divided by the former and 
multiplied by 100, and the result is the index number. 




Huso 1 

1 Currvtit 

Materials, 

Unit*. 

! soar 

f ye«r 



1024. 

imo. 


: 

£ 

£ 

UJfcl 

Ton 

t ■«', 

12 

’iii Inai 

Ton 

4 5 

: 3-5 

PimljH-r . 

1000 ft. 

INI 

8 2 

*»pp-r , 

. Ton 

03-2 

r>4'« 

I'm 

Ton 

250-0 

145-0 


Ton 

:uh 

ItM 



303*1 

231 •» 


1 Th* &r« wcsurucU. 

A*]} ,U 

Index number \ 100 ^ 

3IU-1 

Fm. 5tt."- CAUTUflos or Vn w ehiktm> Ack^hkoatixk Im>rx Noiiikk. 
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The example given the index number of price# of six raw 
material*. It could be similarly compiled for, say, 

The number of employees employed in a number of 
factories. 

The sales of a selected number of huatumsea. 

The out put of so many factories or of workers in factory 
departments. 

Ah compiled in this manner, unless the unit* included are of 
uniform importance, the more weighty items produce an undue 
influence. Thus a fairly large variation in the price of coal could 
not influence the index number with even n relatively small 
change in the price of lead. A 2o per cent, change in the latter 
would affect the total more than several hundred per cent, in 
the price of c oal. 

To overcome this, weights for. sav. quantity may 1 m* employed 

2. The Weighted Aggregative Method. The procedure is m 
before, except that the items in both the base year and current 
year are multiplied by appropriate weights. 

In the case of prices the weight used is ordinarily the quantity 
of each item produced or marketed. The quantities umnI m 
weights may Im> ; (a) those of tlie base* year. (f») those of the 
current year, (r) fixed weights estimated to be typical. Great 
accuracy in weighting is not necessary ; errors in weights have 
lean influence than errors in price or other form of evaluation. 


: t 


CNirrent 


Wright nl 
V alurx. 

Weighted ! 

Materials. ! 

year. 

\**ar. 

Weights. 

Values, i 


(1024.) : 

(11*30.) 


f«24. 

1030. j 

* 

£ 

£ 

tin 000V» 

(£OOOV) 

(£000**,) i 

<Vi#i 

1-6 

12 

210 

330 

232 i 

f Tig Iron 

4-5 

3 5 

00 

270 

21(1 

; Timber . 

i»*o ; 

5-2 ! 

; 30 

270 

24(1 ' 

i t opiv^r 

flII-2 ' 

r»4-fi 

10 

032 

M« | 

Tin . . 1 

250 0 

1450 

5 

1,250 

725 ! 

I-MUl . 

M -K : 

10 4 

5 

174 

97 1 

Total . i 

\ 



£2,032 

£2,«7fi i 


Index number ^ y 100 ** 70-H. 


Km, 00.—Wawimen AoamefMTTVR Inokx Sninw. 
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3, Average of Ratios or Percentage Relatives. A relative is 
merely the ratio between the price (or other measure) of the 
current year (or other period) and that of the base jMriod, 

When the ratio in cixprewod a percentage of the haw period, 
it m railed a jiereeiituge relative. 

Thun: (a) Coal in 1!UM. jiriee 32*.; in 1030, 24*. a ton, the 

24 

perreiitage relative for coal in ! !i!iu would he said tn la * ; / 1<K» 

7*VfMh 

(b) Output tn I02*\ 1200 units ; in 1930, H»oo units. Per- 

. .. t MiOO 

cent age relative or ratio lor output, in Itf.it. ■>" loo . 

13333. The method id stating the base or reference of j>er 
Cetitrtgc ratios is as follows ; 1924 M»o ; 192s ion. 

Applying the ahme to the data in Fig, 59, the j*er< outage 
relative for the 0 items in 1924 would lw* Ion. i.t. the price for 
cadi item is the base. and the jiercentuge relative* or ratios for 
1930 will iw> an shown in Fig, hi. 
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12 

75 0 

*1 *!j 

7.o 

S’2 

?*l 1 

r. t« 

Mi 4 

145 0 

5S 0 

Itl 1 

55-7 


♦5i 443 9 
73 : iw 


Kill, lit l*IM«.TNT Ai;K. r»K ItATVOM, AM) I'sw^iron ei* 

A * v r h » rr t< Ax k h * u i; . 


If now the total of the current year price relative* is divided 
hy the nuudier of items, we oMuiu the unweighted arithmetic 
average of ratios index number : 


443 n 

r» 


73 US 


To obtain the unweighted median of ratios index number, the 

percentage relatives are put into an array ; 55 7, 58 0, 75*0, 
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77-7, 8CP4, 90-9. The median i* -~ ~ 79*. If the 

number of items were an uneven number. the median index 
number would \>e the middle item in the array. 

To obtain the unweighted geometric mean of ratios irolcgc 
number, the logarithms of each of the relatives an* totalled, ana 
divided by the number of items. The antilogarithm of the 
quotient is then the squired index numlwr. 

The Weighted Average of Ratios Index is found as follows 
Multiply the percentage ratios by the weight assigned, total 
the products, und divide thin total by the sum of the weights used, 
l'sing the weights in Fig. IH> we have 
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...- J 
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2457*7 j 


IV;, fij. 

WkIiUITKI* 

.Avi'.fi A<« K 

<»c Hatioh. 



The weighted arithmetic average of ratios index number is 
therefore 



For the Weighted Geometric Average of Ratios the weight# ore 
applied to the logarithm*, otherwise the calculation is the some. 
Although a very satisfactory index muid>er is obtained by this 
method, it. is not much used owing to the calculations necessary. 

If Monetary Values are used as Weights,, «.<*, the total expendi¬ 
ture on each item in the group included for the purpose* of the 
index number, the procedure is : — 

Multiply the unit prices of each item by the quantity and make 
a total; this is the total expenditure, then express the total 
value of each item as a percentage of the total expenditure. 
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Trend of Date shown by Ratios.- In order to sec the tendency 
of variation* in a series of data over a period of ycares (months or 
other period) in relation to any commodity or ot her item, a series 
of f*cramtage relatives or ratio* may be prepared a« shown in 
Fig. OS. 

The quantity for each year (whether prices. quantities in 
tons, gallons, etc., or values, such a* sales, production, etc.) is 
stated as a ratio of the selected base |*erind. i.t>, 


quantity for each year .. 

1 : .* v. , >• loo i iHTcentacc relative or ratio. 

quantity for base year x 


IVing the data in Fig. <Ki, taking 102H an the base, the ratio 

torl»87«i-J’JS ■ Hn» - 22<>; forH»2!>it i« «!?*/.!'!! •' 1<«» -* 1«3. 

,1.1,000 

Should the base lie changed, say to 11*20, then the ratios would 
change, because each item would have the output for 1021* as 
divisor, 53,700; the result of such a change is shown in the 
column on the extreme right in Fig. 03. The series of production 
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and the corresponding ratios may tw shown effectively on a ralio- 
ruled graph. 

Trend of Date shown by Index Numbers* -The prices of sugar, 
tea, coffee and cocoa for six years are shown in Fig. 04 (imaginary 
prices). The procedure for compiling a table of index numbers to 



INDEX NUMBERS 10# 

ahow the trend of prices of these articles m a whole is m 
follows :— 

Select the base year, say, year t; we could use an average of, 
say, three or more years" prices, but a.* the series is for only six 
years, the prices for year 1 will do. 


Prict-i of ftqpir, Tn$ t Cajfre a>id Cttwa for Vtar* I to 0 


Y<w. 
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Xow express the price of each article a* a ratio of year 1. 
Thun for sugar, as the price in year I is HVjL 100, the ratio for 

year 2 is ^ .< 100 80. Similarly for coffee. year I, 2-y. Id. » 

2 k> d 

100. therefore year r» ratio is ' 100 8S ; and so on. 

The ratios are now tabulated as in Fig. C>f», and totalled 
(column t»), then this total is divided hy 4 to obtain the average 
(column 7), which gives the desired index numbers for the si\| 
years. 
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Am all the article# are not of relatively equal value to eon- 
mimera, weight# must \w applied. Assume that the relative 
importance is 4, 3, 1 \ and t|. It will be necessary to multiply 
each of the individual ration by tlieae weight*, total (column 6 
of Fig. fltt) and divide the yearly total* by the total weight# (10) 
instead of by the number of article*. Thu* give* the weighted 
average of ratios (Fig- ««, column 7). 


WvitfhtM Index Sumher# for Sugar, Ttn, f'ttfler and Cm'oa, Year* i 0 
(Vs'ur 1 100.} 
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4, 3, I Y IJ, HKHrrrtiN hXV. 

Practical example* of published Index Xmnlxux of Wholesale 
and Retail Price* in Ureal Britain and the United State* are 
tabulated in Fig. <17n, and the correspond*ng curves are shown in 
the ratio-Heale graphs in Fig. 07. For description, source, and 
comment# on thews nee juige Hit. 

* Index Numbers are Approximate Indications of condition# 
ruling only, excepting in the case of index number* baaed on 
known internal data. All index number* baaed on general data 
collected from selected report#, estimates and Various source# 
can be only approximate, and further the following jx>im* must 
be taken into account when reading index number* : 

1. The? base may not l>e a normal period. 

2. In a general index number. a* all item* cannot l»e 
included only the moat imjtortnnt are used. 

3, Prices am) quantities may vary in different centres and 
an average may have to be used. 

4, Tlve weighting may have to Ih> estimated, but, aa 
previously stated, divergence in weights affects the index 
jrmmber Urn than errors in jpeicing. The weight* are usually 
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those of the base period, because as the base period lias been 
selected for the conditions then ruling, the same contention can 
bo made for the weights corresponding; but if other weights 
are more suitable, they should be used. 


PRICES AND WAGES. uj* man 
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In conclusion, whichever method is used, the trend of move¬ 
ment will be in the same direction, and all are safe indications 
without being precise. When a larger number of items is included 
ixt the calculations, the index number is more reliable, and except 
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thoM* for aporific internal purpose*, index numbers should be 
based on not less than about 40 to f»o items. 

It is unwise to use an index number for purpose* other than 
that for which it was designed, as almost without exception some 
erroneous interpretation may arise. The application of an index 
number to inquiries, even those cognate to the purpose, requires 
careful consideration. 


• QUESTIONS 

1. Explain and illustrate the meaning of Index Numliers. Show 
the convenience which may result from their use. What special 
problems are presented by the determination and employment of 
index numbers rtf the Cost of Living f { London Chamfer of Cotnmtnse.) 

(Jive an account of the oOicirt! met hod of measuring changes in 
the retail prices of working class “ tm pessaries of life." (London 
('ho rnfe r of ( om m*re<,) 

l\ What matters must \x? considered and decided iijion preliminary 
to constructing an index number of (sav) wholeade prices f 

4. Write notes on the choice of items for an index number and the 
methods of weighting them. 

a. Explain the meaning of “ weighted average K »f ratios/* 

<e What factors should Ik* considered when reading index numbers 
before using them for a particular purjtosc i 

7. It has Wn stated tliat in th<* computation of index number* 
generally, many problems present themselves. State concisely Mx 
|*oint« which you consider would arise in this connection, (Ijondon 
.1 h m r inf not nf (\ rt ifi >. d .4 aou nfo nts.} 

fv Prom the following figures, which show the distribution of 
income fiercentuge expended by an ordinary middle chins family, 
calculate the index of the cost of living for the year 1020, taking 
192# as a base year of 100 : 


Food 

. Ho tx‘r cent 

Item 

. !f» 

(lothing 

20 

Fuel and ligl . t 

. JO 

MiHcellaneou 

. 20 

Total 

. 1JJ0 


The average* prices during the two years were &h follows :— 


Year. 

[ Final. 

Kent. 

Clothing. 

Fuel and 
Light, j 

Miscel¬ 

laneous, 

mg 

; £1^0 

£30 

£75 ! 

£26 

£40 

102f# 

; ur* i 

i t 

30 

i 05 j 

23 | 

45 


(London Atwctaltim of Certified AcemnUm f#») 
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tt. What method would you use, and what utatirtira would 
you require, to tv»t tin* movement of prosperity in any one in- 
lliustry over a periotl of (miv) 10 yearn i 

(Jnrorporatf d A rrou ntants ( Fhull).) 

10. SkeUh the lines on which you would proceed to prepare* 

an index number of the coat u f Jiving. # 

( lncor/M>rait d Aramntants [Final).) 

11. Von are given the following series of Index Numbers of prices 
of tour roinmnditicM and a straight index of the four taken together, 
based on the average, Calculate a new Index-Number for the six 
year* based on the chain method. 


VrtVI. 

Sugar. 

Milk. 
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l ui*« 
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u 

I.Vl 

Ml 


s S ■ o 

1027 


17 

! a! * 

St 

:i:i2 

S.'i-O 


(lnrorjbiraUd .1 rmnitanli ( Final ).) 


12. From the following data coiMnn t Itidex Numbers showing 
the change in the average price of Corn Crops, ID21 IMF («) Using 
the quantities of 11)21, (M using the quantities of 11)31. Comment 
briefly on the main problems involved in the construction and use of 
the tyjw v of Index Xumlter you have calculated. 


< ‘rop. 


K-.limatrd T..mi IVnk1wi*c. 
IK. (in ooo 


A v»'n«i*<**Aiin«ml Price 
j* r < vu. 



[*X2 1 

imi. 

1 <»2 1 - 





V »/. 

*. •/. 

n*ii> 

. i 2. U2 

l.srtt 

12 :i 


Wlaal . 

. ! 2 , 02 : 

Colo 

Hi s 

.% ti 

Harley . 

I cm 

st? 

If 7 

7 II 


\S\A.Ui.O.) 


13. Csing the following data compute an index of real wages for 
the years indicated : 
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U3a 
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\S‘J 

! 

L'ul 
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[HuibJing Snrirtw if InrtituU ,) 


11. I oiled Kinydom : ImjMjrts <rt dutiable leverage*, 1 !>0t> arid 
HHU 


I 




V'laM U 

Vain/- , i 

■** 

Value* |t‘). 

iU-'t t*n<i Aw- 

t*a> j*-! - • 


1 ,“»S,h/iP 

4 IS 

4,nr»“ 

t *>t. hiM 

It--. 

■M..a7o.;{j i 

i,:nr. m: 

:M»», n Hi 

t4.lt43.fl2A 


«•W f* 

7<il 



6,1«S.H lir 

To.« 

11.. . 

UlM, Humm.-i 


tat .t m 


\\ ilsr 

gallons ' 

f 


4.2M.S7S 

;?■»,J-VJ.SH7 ; 

IK 1117.077 


HUH, 


the statist it - above, faleidate two index numbers of th« 

ehanye from ttNMMn 11*I** in the physioal volume of dutiable U'Verttgos 
imjiorted. u-iny ji) weights appropriate to lI m 1 relative importance of 
th»* different beverages in Umm», and (ii> weights appropriate to MU 9. 

(S.A.UtV) 
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MEASURING VARIATIONS FROM TIIK AVERAGE 


How Well does an Average Represent the Group. When an 
average of any kind in considered to represent a particular group 
of items, there will Iw many of the items which do not coincide 
with that average. For most business purposes the arithmetic 
average is sufficiently useful, although for certain tyjies of business 
estimating, the median and the mode have advantages. The 
ejiirnl to which items in a group or series vary from the average is 
information which is not often required, hut for some purposes 
there is practical value in ascertaining the range of variation and 
Home kind of average of variation from the selected average of 
the items, In statistical terminology the variations arc referred 
to as DisjK^rsion. 

Dispersion is the variation of the separate items in a group 
from their average. Ha purpose is to show the re presen Uttive ness 
of the average. If there is not much disjHTsion, then the average 
is a good representation of the group. 

Four Methods of Measuring Dispersion will l>e briefly described, 
although there are many others which need not be considered. 

The four methods are : 

1. Quartile deviation, which lias been explained already 
in Chapter XIV. 

2. The Range, i>. the limits of the highest and lowest 
items in a group. 

3. The Average Deviation. 

4. Standard Deviation. 

The Range, or limit* within which lie all the items in a group, 
given but broad information. Thus in Fig. 52 the range shows : 
(i) That the lowest amount of weekly sales in thirteen weeks was 
£9$ and the largest £1 Oft. (it) That the maximum variation was 
£U (*\r, £100 to £9 k). (iii) That the variation of the lowest 
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item from the arithmetic average for the period (£103) waa £3, 
and of the largest item wan £t>. 

This measure of dispersion loses value in tlmt other variation# 
within the extreme limits are not indicated. yet the items may 
vary in many ways within those limits. It has practical value, 
however, where a rough idea is required of items within prescribed 
limits. For instance, in analysing output of wankers it is found 
(see Fig, 0$) that in the ,N\ Factory they range from (say) ItH) to 
140 units f>er day, the average Unrig 110, and most result# range 
from I lo to 120 units per day. IF the output from the S, factory 
is reviewed in the same way, the results may be compared with 
those of the first named, viz. range no to 130 units per day, average 
output 112, and most results range from 105 to 115 units per day. 

'Hu? range and tin* quart iles therefore give useful rough 
measurement.*. of the possible extreme limits of variation, but these 
arc too indefinite to f>c of much practical value. 


OutjiUt of /Vo in/rki r«* 
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S. Fa 
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Output 
in Vnit*. 
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in 

No. nf 
Worker* 
Pr o< luring 

loo 

s 

OO 

W 

105 

10 

«•/> 

10 

1IO 

34 

loo 

hi 
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I 10 

50 
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30 

115 

no 

130 

20 

120 

27 

iar. 

12 

125 

2ti 

MO 

10 

130 

12 


! 3oo 




Kiu. OH.— HanifB ut OiTrtT is Two Factories. 


The Quarttle Deviation, unlike the range, is not affected by the 
mzc of the ext mine items, an it is the measure of the spread of the 
items between the quart-ilea. I t is the measure of the items over a 
restricted range, and to that extent resembles the range deviation. 
In lad, the quartile deviation is sometimes called the Semi* 
interquartile Range, for the reason that its mint is half the 
difference between the third quartile and the first, viz.:— 



BUSINESS STATISTICS 


119 

a , 4 4 , n . Value of 3rd Q — Value of let Q 

Absolute Quartile Deviation v.~ ■ ^ ~ 

Applying the data in Fig. 00, 

absolute Quartile Deviation ^ ^ - 2<i. 


Ifui im« PuijaunU to f'U'rrwirkcrH 
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20 
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• liaii , k 

lUOlh worker. 

(inii;j» 0«W. 

QiiUl tilr l 

- * G3r«l w< *rk» t . 

t Ir«ui|> tfTW. 

Qttiitiiii' 3 

■ latMh w*nrk*T. 

(*n>u|> 71(/. 


Kin. t*W Taiu.k Aiitnxutti* ti» Kivu QrAirm.Ks. 


The Relative Quartile Deviation in found i»\ <liv tiling tho 

quart i It. 1 cl«vintioti i*y tin* .sum or axont^o of the two qmirtiles. 
vi/,. ;••- 

V.. V, 

2 V, V, 

V, -f- V, Vu • (ft 

1) 

This relative (piartile deviation L* tailed the Quartile Co¬ 
efficient of Dispersion. 

Utfing again the figures in Fig. 00, 

the Coefficient of Disiterdon ^ 0 020 

h * •»# 

Relative Quartile Deviation). 

Average Deviation. - When it is deaimi to final a dower 
measurement of the deviation of all items from the average of tho 
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items (arithmetic, medium or mode), the simplest in the Average 
Deviation. The symbol usually used in <L Thi» in the Find 
Moment of 

The average deviation is simply an arithmetic average of the 
deviation* from an average of the items. The difference indrawn 
the item# in a series and tin average of the items is ascertained, 
and then the average of difference*. (Wlk Signs are to t>e 
disregarded.) It is usual to use the arithmetic average. 

The following formula* represent the First Moment of 
T)isj»et>ion: 

(u) from average ; ^*) from median ; (r) from mode 
'I ll*' mode is M'ldotn used. 

in the case of a grouped series. we take the difference bet ween 
the average and the middle point of each individual group or rhu&. 

Fsing the data in Fig. <»!*. the arithmetic average of the 
bonus payments is and the differences lad ween this and 

ca* h i,if the items m the serie* are as shown in Fig. To. column 2. 
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or (Ovm.-mns I to 4). Atj <*» Stasiks ft n Jivcviatvom UVum** 

a, r» as’ii ft } . 

Thews deviations are multiplied by the weight*, in t hint cow the 
number of workers of each group, and the average of the product#, 
■ 470 

[ ;-j vi InWD, is the Average Deviation. That is, the average 
deviation from the average bonus of is l HiHkl. 
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The conversion of this absolute average (usually written 8) 
which is a concrete measure to a relative one is as follows :— 

!■ *ff i} - 0-0275 or 2-75% (< ( oellic ient of Dispersion), 

which signifies that the items vary individually from the average 
(flOi L) to the average extont of 2-75 fier cent. By ascertaining 
the average coefficient of dispersion in this way. two or more 
groups of figure*, nay bonus payments earned in each of two 
factories, the roajiective variations are easily comparable. When 
the magnitudes of the actual figures art* great, or units an? different, 
comparison by means of relative dispersion is very convenient. 

The formulas for the above coefficients of disj>ersion are ; 
tS 8 m 5z 
a * si ' z 

and it should l>e observed that these coefficient s are abstract 
measures; 8, 8 m and 8/. arc of course concrete. 

Standard Deviation. Tilt? method of calculating the standard 
deviation only differs from that for average deviation in that 
the deviation* from the average are squared before they are 
multiplied and totalled. This is the Strand Moment of Dixperdon , 

It is the Wst measure of disjiersioti as it is more reliable. A 
great advantage is that ii can be* used for further arithmetic 
operations, whelms the mean or average deviation cannot. 

Hence the procedure is : - 

(u) Kind the arithmetic average of the series of items f*.*\ 
tWd. using data in Fig. lit*). 

ft) Kind the deviation of each item in the series from that 
average (Fig, 70, column 2). 

[c) Stpmro each of these deviations (Fig. 70. column f>). 

(d) Total these square* and divide by the number of 
frequencies in the group (*.g. employees) or if the series 
is a groujanl one, mult iply the squares by the frequencies, 
total and divide by the frequencies, 

(c) Take the square root of the result of (d) and thus find the 
Standard Deviation, or as it is sometimes called, the 
Hoot-Mean Square Deviation. 

Standard Deviation - 

/Sum of squared deviations from the arithmetic average, 
^ dumber of items in entire group 
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or 


ltd* 


VIZ > 


The coefficient in calculated in the Name maimer aa before, 

Q 
a 

Applying the data in Fig. 70 

/ j*)U(} . 

Standard Deviation \ L ~' Vtr \ 39 

> 2<*l 

- r - 2 27 

*2 2 7 

Relative distKTsum iH»33 

hi) 


or 3 3 per cent . ( - (Wflicient of l)is}H»r*km, or ( WAieient of 
Vn nation). 

A Short Method of preparing data fur finding the standard 
deviation is to take an approximate assumed average. By doing 
this a whole numtar may be used, thus avoiding the troublesome 
calculations involved when the real av erage is not a round number. 
The procedure is shown by the following example :. 
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roK Finding 8tani>aki> Iucviation. 


Say assumed arithmetic average is 30,*., i.e. ft units of 5a. 
Then the actual arithmetic average ma} F l>e simply arrived 
at thua 
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am] th« Hlamlnnl <lcviat,ion ttuw 


/22:* jiir. j* .. 

\ 70 ' 7u V 


/223 y 70 iti v 35 
70 * 70 


/ir.,010 1,225 . ... 

■ - units of «>w. 

\ 4 , 1*00 

\ j/ 2 03 l *714 units 

1-714 s fw. H 57 a. Standard Deviation. 
The formula for this may ho written 




f/pi X)~ 

n 


Where ,r iwmiiiumI average, n actual average. 

The Third Munwnt of l)i*jM-r#iuH is found from the formula 


&Z a , 
n 1 


and another measure. the Mtxlulus (usually written c) from 


the formula r 


21 //- 
V a 


Use In Business of Average and Standard Deviation Measure- 

tnentS. .These aw valuable lor i ompuring scries of data in which 

there are wide variations over a jH-riod of time, and also for com¬ 
pilation of a business index compos'd of a nutnher of scries of 
business data. Not infrenuent.lv a dirndl variation in a series of 
data relating to one commodits, and wide variations in a series of 
another related commodity. o*nir during the same jauiod. If the 
two were averaged, the pronounced variatinns of the one com¬ 
modity would have an overwhelming influence on the trend indi¬ 
cate! for these two commodities. If. however, the data aiv repre¬ 
sented by the standard deviations in each case, and averaged, the 
resulting trend indicated w ill he influenced equally by the fluctua¬ 
tions of hot li commodit les. For i he purpose of an index of business 
conditions this is w hat is required, as movements of sales, prices, 
etc., of all commodities comprised in the index ait? equally 
significant. 

An example is afforded in Fig. 72, the calculations in which are 
apparent. The wider variations in artificial silk are reflected by 
the figure* in columns J and 5, w hilst the figures in column*! 4 and 
S show how many standard deviation* under or over t he average 
aales occur month by month. 

Graphs showing Dispersion,- In a frequency graph, greater 
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dispersion is shown by the spread of the curve, i.f . when tlie 
items showing deviation are well scattered through the series the 
curve shows a succession of peaks of various heights, but when the 
items are concentrated about a certain level the curve exhibits a 
pronounced peak at that point. 
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SrAsrjAhi* Dmuti.as, 

The Lorenz Curve is a graphic method of measuring divergence 
from tht? average, and although devised bv Loren/ for measuring 
distribution of wealth, it may be applied to compare the due 
tribal ion of profits over different groups of businesses, or the 
distribution of sales over classified customers in two areas, etc. 

It is a eumulfttive perront-ago curve whieli combines the 
l*en outage of"the items with the percentage of (sav) wealth, profit 
sales and other factors distributed among those items. 

l ake na an example the turnover of businesses in the 1 X ’* 
trade, In pot helical data of which are shown in Fig. 73. and the 
corresponding Loren/. Curve in Fig. 74. live curve shows the 
concentration of turnovers diverging from the average, for if all 
the businesses had the same turnover, the straight line xy would 
represent that equal distribution. The more concave the curve 
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the greater the concentration of item* divergent from tlie average. 
The curve ia not m valuable aa the coefficient of dUperakm, 
aa it doea not furniah any numerical result. 

Turnover* and Xumber* of Hujm\r*stc* in the. X Trade . ID... 
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CumuUt iw 

fVl, (r) an 

Cumulative 

Col. (r) ah 

i Kxo^i<|irijjt 

\ Total 


Total 

Percentage 

(000**). 

\ of Col. {'*). 

of Total. 

of Col. (b). 

■ of Total. 

(a) 

j to 

in 

tf) 

(r) 

in 

£ 

■ 1 ' .. " 

i £ 


....---- -V 

’ ..*** 

! i 

; 2fi 

[ 

10 

20 

13 

> i.* 

1 32 

3 

3-0 

5S 

20 

| 4 

42 

1 7 

7 0 

100 

ftO 


4« 

1ft 

1ft-U 

HO 

73 

10 

1 H 

25 

2ft O 

104 

h2 

! seo 

10 

4ft 

4ft 0 

1 HO 

00 

i 2ft 

14 

70 

To 0 

m 

07 

\ 30 
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100 

llHf'0 

200 

lt»0 

Fin. 73 - • 

I*ATA FLuTTri* AX l.olirssr. (VltVj-; is 

Fit:. 74. Cuj.i'UN id) i# 

rtOTTKI* Its VllMTIt'Af. HcaLII 

i (ViM.'WN {J\ r>N IftolilXoNTAI.. 



Fw 74.--KxAuri. 11 : or l/>>nr.N£ CYrvr Hkovimj Divskuknojci ur TcftNomr* 
r«v>w Av kurus or 200 tlruxK*#**. Noth tmx Hxykiuial of tm* Scale 
Off Title Ba»*; Lotff. 
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Skevnm i» lack of symmetry in a frequency distribution* 
When the data are plotted on a chart and skewness is present* 
the items tend to be dispensed more on one side of the mean 
than on the other. In an absolutely symmetrical distribution 
the median; mode and arithmetic average coincide, and skewness 
is 0, but when the curve is skewed, there is a normal sequence of 
mode, median and arithmetic average, the two latter moving 
to the left or right, according to which direction the curve is 
skewed. Hie mode remains in the same position. 

lu a graph the sequence of the three forms of average (Mode, 
Median and Arithmetic Mean) always remains in the same order, 
viz . mode median, arithmetic mean, however much the degree 
\A 'skewness may vary. 

Hem e, in negative skewness, the order starting from the mode 
will Ik.* : mode, median, jmean. and in positive skewness it will 
also he mode, median, mean. 

As a general rule, when the* rum* is not highly skewed, the 
median will nunc onl\ about two thirds the distance of the 
arithmetic mean. 

Skewness to the right on the curve is positive : to the left is 
negative. 

The measure or coefficient of skewness (symbol usually used, 
./ ) may be obtained from one or other of the following 
formula* : — 


pi) 1st Coefficient of skew ness 


Arithmetic' mean Mode 
Standard (or mean) deviation 


. or; 



Jf the mode is badly defined we may substitute ■ 


Coefficient of skewness 

i.t. 


.‘I(Arithmetic mean Median) 

Standard deviation 

:\(a 7 M) 

a 


(6) 2nd Coefficient of skew ness . 

3rd Quartile 4 1st Quart do — 2 Median , Q* * Q t ~ 23f 
j(3nl Quartile — lat Quartile) * ilQ* ~ Qd 

Thin formula ignores the size of extreme items, 

(e) The following measure allows for the extremes, vk M 
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fSFJk 

nvtd using (i) the Average deviation ami (ii) standard 
deviation the thin! coefficient would be : ■ 


(i) j - VV - 5 (ii ‘J 


a Ztl* 

v » 


(n) and (6) arc unreliable if the mode or median is badly defined, 
a« in often the ease?; (h) is simple but is unreliable when the median 
and quart ilea Are not clearly defined. It also fails to allow for 
extreme variations. 

The object of determining skewness is to find p/) whether it is 
positive or negative, and (/») what, jwreentage of the items an? 
above or Iielow the average. Two series may have similar 
averages and the same amount of dis|»ersion t and nevertheless 
differ considerably /wording to the direction of skewness. 
Otherwise? there is not much value in the measure of skewness 
in practical work, 

Ql'ESTtOtfS 

1. What do you understand hv “ dispersion *' and what art? the 
different ways of measuring it i (London ( 'hnmbt r of Commrrc* , ) 

*2. ( Jive the forum he for computing Standard Deviation hv the 
short-cut met lust. (London Astociation of ('< Hi fit d A rcountant*.) 

3. Compute the quart ile ropHiriont of dispersion of the following 
array of identities : 

Frequency 3. In, 12, l.V 17, 22, 21. 20. IS, 12, ft, 4, 3, 

Size of item 5, <>, 7, K, 0, 10. 11, 12. 13, 14, If*. 10, 17. 

(l.ondon At solution of Crrhfird Accountant#.) 

4, Show (In' average deviation in the following series Mating to 
factory output, ami calculate the coefficient, of dispersion 


Doily Output. No. of 
So. oi Article*. Workers, 

lOt* 4 

102 2 

1<*4 0 

lor. 4 

los 2t> 

110 10 

112 30 

114 40 


Daitv Output. 

No. of 

Xo, of Articles. 

Workers, 

lift 

12 

1IM 

72 

120 

10 

122 

40 

124 

:uj 

120 

1H 

I2H 

20 


5, Calculate the standard tloviation from the data given in question 
3, and show the coefficient of diNiMXHinu. 

0. Calculate to 2 decimal places the standard deviation of the 
following distribution 
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Exceeding, 

m. 

Not Ex<MH*ihng. 

/■ 

45 

5-5 

-j 

.*1*5 

6-5 

Sf 

ti-fi 

7-5 

if 

7-5 

S*5 

12 

8*5 

tt'5 

in 

j» r» 

10.7 

13 

1«»-A 

11 .7 

»» 

11 -5 

12.7 

4 

12,7 

i :;*."• 

1 


(/ nff/r}ioratfd Acw/vntunt* (Finnl),) 


7. («) Mode. [h) Median. (r) Average deviation, (i() 

Standard deviation. (♦) IVrcvntile. (/) Hislorigram, (I newjKtntttd 
.1 reom rtfantx (Fi nnl j,) 

>>, < 'aluulate iht* »juartile isH-flioieiit *>f dispersion of the following 
array ; ■ 


Mid I'oinf 

..M'lrtM f. 

Mcafiirrin* nt. : 

l 4 

‘J it 

3 tj 

4 11 

r» i r. 

ti 20 

7 

a i o 

St,at(i the considerations on whi 
of dispersion is bused. [lncorp<>rnt 
it. What do you understand 
practical use can be made of it f 
10. Calculate the .stand,ml devi 


Mid Point 

niikw /. 

M■ -i*.*;ii*1II4 Tit. 


3 

10 

10 

It 

11 

in 

12 

7 

13 

7 

M 

3 

1.7 

1 

v .. / it : __ 


h the -onstruetinn of thi* measure 
d Arfouvlant# {FmM)) 
by standard deviation ! What 


it ion of the following data 


K 


Ex ceed in e. 

to . 


5 

« fi 

8 

10 

n 


I 

i 


Not. ding. 

tn. 


ti 


* 


K*i 

”5 





[Incorporated Accountant* (Final).) 
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II What is the effect of skewncsss on the sequence of averages? 
Illustrate your answer by means of a histogram. ( London Assoctafiow 
of Certified A ccvuntanl *.) 

12. What js meant by the term “ skewness” "* Illustrate your answer 
Ivy means of a histogram (Umdmi A *mxiation of Certified Accountantit .) 

13. What are the methods used for measuring dispersion, and which 
method discloses the most accurate result ? Apply your answer to the 
profits of two companies for throe years, viz :— 

; i N«*t Profit, N»*t Profit. ; Net Profit, j 

I -1*1 Year. ? 2nd. Yrar. ! 3rd Year. { 

| A Pompony £23,500 £25,000 £25,500 

; U Company . 4K.5U0 50,000 51,500 ; 

{Umdon A* tor iation of Ortifitd Accountants.) 

14. Whftt art' the characteristics of the coefficient of disfSThion, 
and in what res|w<cts may it tie used with advantage ? (London 
Association of Certified Accountant*.) 

15. Define skewness. State the formula- for the various coefficients 
of skewness, adding notes on their resiwHdive. advantages and dis¬ 
advantage. Use the following symbols a ^ arithmetic average, 
M c® median, Z ** mode, if quart tile, d *■? deviation. (I near jurat* d 
Accountant* (Final) ) 

Iff. What is meant by *' disiMrrion,” and when is it useful to 
measure it 1 Give a simple numerical example to illustrate your 
answer. (Corporation of Accountant*.) 

17. Consider the following scries: JOS, 122, 115. 133, Ilf) J04 
132. Iffff. 131b 155, 141), 157, 170, 141), 154. 101, 04. 85, ffff, 13ff’ Hi:,' 
155, 174, UK), I2ff, I OS, 101, 1U2, 173. 102, UU, Hit), 102, 72, 175 101, 
105, 115, 120, 13b, 07, 87, 120, 184, 203. 

Find the arithmetic mean, median, quart tile, and quart iie deviation 
of these numbers. {Corporation of A ert mutants.) 

18, Pre]mre n diagram showing the practical utility of the Lorenz 
Curve. In wlrnt respects, if any. is it inferior to tlie coefficient of 
dispersion 1 (Jjondon .4 * tor iation of Certified Aero unto tits.) 

Iff. Define rlisjiersioo and state its usefulness to the statistician. 
{Lontion Association of Crrtificd Accountants.) 

20. Oideulate the standard deviation from the following data, 
using the short cut method 

Fxt^’ding. Not Kvrctwlmg. /, 


7J 

l K 1 

*> 

K 

l ; H 

4 

U 

\ ; io| 

5 

10 

i ll| 

7 

U 

1 t*i 

ft 

12 

\ m 

3 

13 

\ i»i 

*■> 


(London Association of Certified Accountants.} 







MEASURING VARIATIONS FROM THE AVERAGE 1*7 

21. Refin© “ tik&wwm M and show the formula of the coefficient 
relative to the first, the sooond, or third measure, (London Association 
of Certified Accountant*.) 

22. In connection with the science of statistics, am! the application 
ai statistical methods, what do you understand by the term Dispersion, 
and how is it measured f 

How is tho quart ilc coefficient of dispersion calculated ? 

State the advantages and/or disadvantages of employing this 
coefficient as a ineneure of dispersion. (Lomlon Association of Certified 
Accountant*.) 

23. To what types do the following fort:mhe relate 

M X I : c ( . fi , ) 

J j " i • 

-Xim xj- - nUi ■ j-)* 

{t ‘> *' - \ » f 


Explain briefly each of tho mat hemal ieal symbol* shown in (<i) 
and tf>t. {JjomUm A ^ ini ion of ('*rt*fi*(i Accountants.) 

24 Set out the formula 1 for measuring i first, second. amt thin! 
momenta of iiis|*TMon. and illustrate the practical utility of any one 
of *ueh moments. [London As.ojciation of C<rtijv'd Accountants.) 

25. To what tvjK 1 * do the following formula* relate : --(u) (1) A ;~ 

i*i\ * i 


J *w \ 2> 

t •*} y\s 


(3) K. 


(h) Explain briefly each of the mathematical rfunbol* in (a) 1, 
2 and 3. [London Ax'oeinhnn of (\-rtiJi*d Accountants.) 

2b. Draw 1 a Uirenz i urve from t he follow jug data of the distribution 
of jrftrHomil estates >— 


Kuilge 

of E»t*tes. 

N... «i 

Aggregate 
< Hpita! 

i 

.. 

value of 

j Exceeding. 

N*d 

lihtfttw. 

Em ate*. 

Exceeding. 


. £ Million*. 

{ 

i £ 1 , 04*0 

70,000 

; :w> 

} £ 1,000 

; 5.000 

30.000 

; m> 

5.000 

; io f ooo 

7,000 

; 50 

\ 10.000 

j 20,000 

! 4,000 

00 

i 20,000 

i ioo,uoo 

3 , 0 *«> 

150 

; 100,000 

i 500,000 

400 

HO 

5 (ip ? 000 

j I , 000.000 

; 20 

10 

| 1 . 000,000 

■}__ r _. . v 

10 

4 U 

j 

1 

114.430 

. 500 


(Incorporated Accountant* (Ftnot).} 
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27, Compute ih<> Quartite Coefficient; of Bwpmion of the following 
ftequonoy table :~~ 


1 

Not 



Not 


( Exceeding. 

- Excelling. 

: /■ 

Exceeding. , 

Exceeding. 

i * 

m. 

* m. 

TO. 

m. 

\ 4 

ft 

m 

U 

10 

1ft 

i U 

n 

A 

to 

11 

12 

u 

7 

u 

u 

11! 

7 

7 

H 


1*2 

13 

3 

8 


U 

i:s 

14 

1 


(/ nmr]*wathi Accuuntanh (Final),) 


2K. What are the method* of computing ami the puqntfCH of the 
measure* of (lihjKT-iou ? (Hitilling Stirirtit.* fn*tilutr\) 

2lh Kind the moan deviation from the inrun, and the mean devia¬ 
tion from the median, in the following liM of mark'- : 

100, 80, 78. 7.7, 74, 72 70 k\\ \YA. 0t», 00, i»0. 

( lUtMin] f twhlUfa.) 

3»>. The following table "hows the UL’f'-iINtrihillioli of Male* in the 
Crlwin District of Kidiop Auckland at. the Census ol IU3I. You are 
required ; - 

(i) to draw n cumulative curve on upwards and (ft) downward* 
graphing these figure*; 

(ti) tnun vour curve** to read off the median ami quartilc ages of 
the group*. 

(ill) to give one measure »»f dispersion or deviation ior the group. 


/**.</«*/- Jurklwul {' fl.C, 


A*r»' i.h.d. 

No, 


Age I.h.d. 

No, 

0 0 VI >O M 

l .OaS 

fto 

at* v ear* 

08a 

10 It* ,, 

0*i 1 

ho 

*.0 ’ „ 

4 Nt> 

20 2 U 

01.H 

To 

70 .. 

104 

rm ;u» .. 

770 

so 

»»vor . 

08 

40 40 

710 

All 

ftg* ‘S 

5.823 


[S.A'hSr.O,) 



CHAPTER XVII 


CORRELATION. THE RELATIONSHIP BETWEEN 
SERIES OP DATA 

r riiK discussion* in previous < Impter* have dealt with v arious 
aspn*t.a of a Kindle series of data, and in the consideration of 
deviation in the last chapter i»nly the numerical measure of 
variations was taken into account. Them an*, however, many 
instances in which two or more gron|»» or aeries of data are 
associated in Home manner which results in .some related move¬ 
ment when tliietimtions ocrur. As one series line twites, another 
series shows a tendency to fluctuate also, either in the name or 
opposite direction. Thi* eo variation is referred to as Correlation. 

Correlation or Co-Variation in the relationship b etween two or 
iwno tpnimitios that va ry in sympiTRv" wo that a movement m 
< u> o IsTiM un \ paTtuv \ by ft movement Intho r >th er TiT tho same or aiii 

jinycrse ulrechon._ ^ \\ “ 

IniV.s oTsome articles, hke raiieoats and umbrellas, tend to Ikj 
greater on wet and cloudy days ; there is causal relationship 
between price* and production; between sales. advertising, anti 
profits ; and between wages. production costs, and profits. These 
are example* of correlation l>etweon variables. 

Direct Correlation exists when the variables tend t4i move Sri 
the same direction. It is sometimes calks} positive carrdnlion. 

Invent Corrdatum exists when they tend to move in op|KJsite 
semes. It is sometime called negative correlation. 

The Degree Of Correlation nuty bo analysed and measured, 
even though the cause and effect may not be determinable. 

Statistical consideration of correlation includes: (a) the 
measurement of the amount of dependence between variables, 
and (6) the estimation of probable movements of one variable in 
terms of the other. 

Perfect Correlation exists if the fluctuations in one series are 
precisely proportional with those in the other series. This rarely* 
if ever, occurs in business data. 

m 
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Perfect combat ion is indicated numerically as 4* 1 when 
direct, and — l when inverse; total absence of correlation is 
denoted by 0; and partial dependence by a coefficient lying 
between 0 and *f 1 or o and — 1 as the case may be. 

Linear and Non-Linear (Curvilinear) Correlation.- -The dis¬ 
tinction between these depends upon the constancy of ratio of 
change lad ween tw o or more variables. 

linear correlation occurs when the amount of movement in 
one variable bean* a constant ratio to the amount of change in the 
other. If the ratio of change is not constant the correlation is 
non-linear or curvilinear. 

For example, assume that the output of inen loading clay 
from a pit for a brickworks is doubled if the number of digger 
is doubled, and varies in quantity as the number of men is reduced 
or increased, then’ i* linear correlation. 

Measurement of Correlation. -This may U> effected by the 
follow ing methods : — 

(1) By constructing a graph or a scatter diagram. 

(2) By show ing the aeries in a correlation table. 

(3) By computing a coefficient of correlation. 

Graphic Method of Showing Correlation. Correlation may bo 
shown by ordinary htttfhrical curves, or by what is known as the 
scatter diagram. The two methods are illustrated in Figs. 70 
and 77 based on the following hypothetical data. 


Slumber t\f Sunny Ikiy* and /Vuwiij/rr* Crirrud by tfi* (j&y-Titw 
1 Motor Ctxtrh. 


” - - 

No. of 

i So. of 


No. of ; 

No. of ! 

Month. 

Sunny 

: IWmi- 

Month. 

Sunny ) 

Paawn- j 


Bays. 



l >«yn. j 

ger», j 

Jon, 

10 

| ICO 

July 

I 4 1 

50 1 

Feb. 

i H 

j 90 

Aug. 

» j 

100 ; 

i Mar. . 

; so 

i hw 

Sept. 

t 20 

180 ; 

; Aph 

! »<* 

J 120 

Oct. 

1 e 

80 : 

' May 

i 21 

| 178 

Nov. 

j 4 

38 i 

t June 

i 

20 

295 

Dvr. 

' 4 i 

1. .L 

42 J 


Scatter Diagrams.— The line drawn in the w aiter diagram in 
Fig. 77 is a line of bM Jit drawn simply by inspection so a# to lie as 
close as possible to all the plotted points. A good methmi is to 
stretch a piece of thread and try out the best position for the lino 
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to take. If the points are too scattered to judge, owing to low 
correlation, there are formal® in the form of a mathematical 
equation which can l® used but these* are outside the scope of this 
book. 



Swis* ** .avwis f 3>mn 

Fi«. 77,— High Corrhijition miowjt yy Scatter Diagram. 


When there b* little or no correlation, *.<?. there in little or no 
tendency for the two aerie* to vary in sympathy, the plotted 
pount* are scattered widely over the area of the graph, and no 
line of best fit is possible (Fig. 80), 
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When then? is high direct correlation the line of beat fit slopes 
upwards from left to right (Fig*. 77 and 7K) ; when there is 
high inverse correlation the line alopee downwards from left to 
right. (Fig. 70). 

Scatter 1 Hag rani* 






Kin. HO.--No (WftfcUinoN. 


Choosing the Scale jar a Scatter IHagram. The space allot ted 
for the range of data of each Meric** should lx? approximately 
equal, otherwise then* may lx* difficulty in showing the correlation. 

A simple method is to make the ratio hetwwen fhe scales 
inversely projiortioirol to the ratio between the ranges of the 
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data; range of data plotted on ox *= 500; on oy *» £100,009, 
then the at 1 ale would be 100,000 : fs.H) 200: I, ao that each 
square on ox would represent 1 unit, and each on oy would 
represent 200 units. 

Historical Curves of two series plotted on the name graph will 
show correlation if it exists, tjeoause the movement of the two 
curves will In* related. If they run parallel the correlation is 
direct or positive : if one curve moves similarly to another, but in 
the op|K>.site vertical direct ion, the correlation is inverse or 
negatne, A gins! method for re\ rating in versa* correlation is to 



1 io. SI. -Octpct t m*k v a mi t v,mt* l*m:x 
HtmwiMi Isev):mhi: Owuh'.i-ai 


reverse the s^ ale for one of the series ; t)jp makes the curves 
follow 4 the same direction. and tin* degree of correlation is more 
easily inspected. (tom pare Figs-, 7ti and Ml.) 

Another simple method, and the most practical one, is to 
bring the series together on a logarithm)*' graph. 

Finally, trend and seasonal variation* in correlation may l>o 
eliminated, by plotting standard deviations of the data, A leaser 
degree of exactitude is obtained if the interquartile deviations or 
average deviations are used. 

In plotting data, the causal or independent, variable should 
be plotted along the x axis, as this is the usual procedure, and 
it is better when estimations have to be made from the curve 
plotted. 

The diagram in Fig. 82 is an interesting application ; it shows 
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that it is cheaper to make the components by hand up to a 
quantity of 175 gross, but greater quantities can be produced 
more economically by machinery. 

Estimating from Scatter Diagrams.-When a matter diagram 
has been constructed and a line of l>eat fit inserted, if the value 
of one of the nones is known und not the other, the latter can be 
estimated by finding the point where a line drawn from the axis 
towards the line of beat fit intersects that line. If from this 
point of intersection, say by a line from the x axis, a dotted Line 


Q««pT> r> M #*fc40vt*p.«,<.»»n 

Fio. n' 2. SoAinicn Diagram hhowinci this Voixt at 
which it i» Chkapi.n to Maki; nv Maciiimihy. 


is drawn parallel with that axis, the desired estimate can be read 
on the y axis at the point where the dotted line intersect# it. Iii 
F ig. 79 when the enqm available on the market are 2,50o tons it is 
probable the price would be 6s. per cwt. 

Correlation Tables. —By constructing a table instead of a 
scatter diagram, the data will be found to show an arrangement 
of the figures which corresponds with the arrangement of the 
dots in the scatter diagram. It gives the added advantage 
that the numU'r of case?* within each class interval can lie seen. 
A simple example illustrating the construction is given in Fig. 83. 
If correlation were low or non-existent, the figure# would be well 
scattered in each of the columns instead of lying in an ascending 
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or descending band across the table, thus corresponding with the 
scatter diagram m illustrated in Fig. 78, 

Measurement by Coefficient of Correlation.— Them am many 
formula for expressing the degree of correlation between two or 
more aeries of quantitative data, but the most commonly need 
is the Mum-product method of Karl Pearson, by which can be cal¬ 
culated what is known as the Pearsonittn coefficient of correlation. 


Output of Clay in IMnifoo to ttu- A'wmW of Diyjtrt, 


i Output 
; (ton.*). 


15. 


Mi fi l£n gaged. 

a to. ! in is. f ifl-an. 


. -1 

20-25- ! 


200-250 
| 155-20“ : 

\ too-150 

50 100 2 

i 1-50 3 


1 


■ -* 4 

i a ; i 

0 ! 1 ! 

1 


>'ui. H3.~ "('onHKi.nTios Tahij: bn>>svisd Hunt Imiu'ct OouiixurmK. 


This formula is used when the series tend to approximate to a 
straight line when plotted in a matter diagram* and is as 
follows 

2 >.y e 4 . .. i>y 

r-■■■ ... Sometimes written 

naA a ; 

r ■■■■■ usual let ter to signify coefficient of correlation. 

x deviations from the mean of X series. 

V -.7 ,, ,, of 1' series, 

n -■ number of items. 

oX and al 1 _ c standard deviations of the two senes. 

or a, and a 3 1 

The use of the formula may be shown in connection with the 
data in Fig- 84 :— 

To Arrivt at Coefficient of Correlation, tabulate the two series 
as shown in Fig. 84a, total the items and find the average 
(arithmetic) for each series (viz. of X ~~ 15; of Y *-■ 34). 

Subtract this mean from each item, ami enter in columns 
jr and y rosjieetively as in Fig, 84a, inserting proper signs. 
Square these deviations, and enter in two more columns x l 
and y 1 respectively ^ 
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Numtor and I 'atm of Owtiituf* Produced daring 10 Years 
!»... to 10 .... 


War. 

Number 

VaIiki 

(000'fc). 

(£00OVj. 
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4 

n 

1 .* ►* 

4 

3H 

: 1 4 

10 

s ; 

f» 

18 

• 3 

0 

38 

f 4 

1ft 

- 12 

ft 

! 10 

i 4 

10 

4f> 

)> 

:oi 

24 

7 

10 

■i- 4 

hi ; 

42 

S 

»>4 ; 

*■ 32 ; 

H 

1H 

■t* :$ 

o 

46 

12 

144 

3« , 

*1 

Hi 

■v 1 

i 

40 

* - ft . 

3ft 1 

r ft ‘ 

10 

12 

3 

0 

3S 

- 4 : 

Ift 

~ 12 ' 

Total 

Avenw* 

* - T » 


132 

340 

34 


D82 : 

31ft 


Standard I Aviation X v /^" .-*• 363. 

\ 10 

Standard JVvinlion V »i~ * u . 

' 10 

CVwItHwiit rtfCorwUfhw it , * . trt «* 0878, 

di!3 ■* 0 01 v 10 

Fro. -Cmatmtiox or i'<»kpi'W ikst or Cobuklattos or 1 >ata 
in Fits, 84. 







CORRELATION 


13? 


Multiply the deviation* x and y for each year, and enter in 
final column; total l-hi# column observing signs. This total 
( 310 ) is the numerator (Sjt y) in the formula. 

Then find the aUnd&rd deviation of A' thus :— 

Total of column x~ /132 

V ,,.rrx. \. -■ r,-A 3-Od 

> No, of items * H> 

and the standard deviation of Y :— 

/Total of coinrnn Y ® - 0 S 2 : ^ 

N No. of items \ in 

Now multiply together the standard deviation of A" and Y 
and the unrulier of items, viz : 

!M»3 v 1* HI y W 3 Ml-7 (denominator (wn AnT) of formula). 

The Ciiertirient of correlation is then found by dividing the 
total of the final eohiinu {31b) hy last figure found (iKW-7) 


Interpretation of the Coefficient. The coefficient of correlation, 
ris stated in a previous paragraph, must lie between ■ 1 (perfect 
direct- correlation) and ■— 1 (jierfeet inverse correlation). Com¬ 
plete absence of eomdntion is represented by <h 

When the coefficient is <ei>f> or over the degree of correlation 
is high, and from a point in the series of one the corresponding 
value of the item in the other series may be accurately estimated. 

When the coefficient is Ixdaveen 0-7. r » and 0 -iWi. a similar 
estimate will he a fairly reasonable one. Hut a lower coefficient, 
tlmn those mentioned cannot l>c used for practical estimating. 

It should l*e remembered that the coefficient calculated hy the 
alnive formula is only reliable for a straight line distribution in a 
scatter diagram, and further, this mathematical calc ulation of 
the degree of relationship should always be uses! with great 
caution when being applied to practical inquiries. Usually the 
rougher graphical method will give sufficient measure of relation¬ 
ship for practical use. 

Probable Error of the Coefficient of Correlation - This defines 
the limit above and below the size of the coefficient determined 
within which there is an equal chance that any coefficient of 
correlation similarly calculated from other samples will fall. 
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%>e, the coefficient of correlation may vary from O W) + 0*03 
and 0 00 <bu 3 f t\r. between 0 03 and 0 87. 

Hence, if it is desired to mate. the coefficient of correlation and 
its probable error, we could write it or 


0 <1745 (1 r») 

x'n 


If r ifl lecm than the probable error, then? is no correlation. 

If r is more tlmn six times the size of the probable error, it is 
usually regarded m satisfactory evidence of correlation. 

The formula given mipjmse* unbiassed choice of samples of 
equal size, and deals with error arising from the limited number 
of items used (not from the size of the items or groups). As the 
conditions of unbiassed data and indejxmdeneo of individual 
items (os|ie<dally in a time series of business data) are seldom 
present, in business data, the calculation of probable error by the 
formula is not useful or practicable. 

Although of little use in business, the following formula? arc 
given as other measures of proluihlo error not connected with 
correlation, but with random sampling : — 

IVot table error of a distribution 

r.« 0*6745 x .Standard Deviation, i.e, 0*6745 X a. 

Probable error of the mean 

0 0745 >: Standard Deviation . 0*6745 X <r 

l*rohable error of the standard deviation 

0 0745 x Standard Deviation . 0*6745 x «r 

~ ' .V'&i .." V2«‘ ‘ 

The Ratio of Variation between two variable#, and the use of the 
Gabon Graph for its determination are described on page 167. 
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Lag and its Use to Statistics-- It i* not uncommon for certain 
factors to affect the movement of other factors* but only after 
an interval of time has elapsed. (Correlation exists* but in a 
graph one curve lags Unbind the other. Speculation may move 
ahead of general business; advertising and sales organisation 
expenditure is often ahead of sales expansion ; American statistics 
have shown that prosjjerous business conditions led to increased 
immigration in the succeeding year. If lag is known to exiat, it 
is better to allow for it by lagging the “effect ” curve to make it 


Publicity Expenditure and Sale*, 19.. 



comparable with the “ cause ” curve when making comparative 
historigrnms. 

The most convenient wav of determining the lag jmriod is to 
draw two separate graphs, using the same scale, one on semi- 
translucent paper, so that when one is superimposed it can lx* 
moved along in the know r n direction until the best fit is found. 
The time interval can then be read and allowed for. 

Alternatively two curves can be plotted on one graph, a# in 
Fig. 85, in which it will lx? seen the lag of Kales tmhind publicity 
expenditure is about one month, and w hen finding the coefficient 
of correlation the figures for publicity for January should be 
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paired with those for February' sales; February publicity with 
March aalea, and ho on. 

Another method i« to prepare “ w aiter ” diagrams for the 
related data, pairing the figures with varying intervals. t,g. 
publicity for January with sales for February ; then January and 
March, and m on, until the plotted diagram shows the best 
indication of correlation. 

Another method, giving closer measurement, is to plot, on a 
natural scale graph, the coefficient* of correlation calculated with 
different pairing* of the data. Then draw a smootht*! curve. 
The highest point on this curve is the amount of the lug. and when 
that is allowed for, correlation will Ik* highest. 


tJCKSTlONS 

I. Calculate the coefficient of correlation for the following ago of 
husband and wife : 


Age of 

Age of 


Age Of 

Age of 

11 tc* bund. 

Wile. 


i lur-baild 

Wife. 

2 :* 

is 


:to 

2!» 

27 

20 


M 

27 

2* 

*>«? 


n 

20 


27 


:\r> 

2s 

20 

21 


:u\ 

20 



a 

' nrorporaUd 

Accountant: 


2. The table shows the distribution of wage earners in a company 
by weekly earnings. 

Juitf n»:w. 

Weekly Euruing*. 

No. i»f 

Wage-eimi*'!**. 



Over. 

Not KxeeeUing 

250 

U>*. 

20*. 

700 

20*, 

30*. 

1200 


40s. 

1*53 

40*, 

5<V. 

27M» 

50*. 

00s. 

304H 

00 r. 

70s. 

ioo:i 

TO*. 

Mis. 

750 

HIV. 

00*. 

2<Hl 

1MV. 

urn*. 
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From the above table obtain by graphical method*: (a) the 
median, (h) the upper and lower quart ik*. From these calculate the 
quart ik coefficient of dispersion. (I.on*bn Chamfor of Commerce.) 

3, The price index number* of ten foodstuffs for two year* 1913 
and 1930 are: — 



1, 

2. 

3. 

4. 

8. 

n. 7. 

8. 

9, 

UK 

1913 

87 

nr. 

m 

70 

**.» 

73 07 

K1 

9 2 

97 

1930 

77 

91 

H4 

91 

1*8 

112 or. 

143 

120 

132 


Find a measure of the correlation U’tw'cch these two sets of indices. 
(L . ndo n t 'hn mbr r of ( om m f ret .) 

4. Explain briefly to what the following formula relates and state 
it* practical utility in statistics : - 

< *4)748(1 r a ) 

V n 

(London A,-;so\ itifiitu of (\ rtijit d Accountants.) 

r». it has U rn stated that an increase in the cost of production 
eauM-s the pri-v »>f a commodity to rise, and that the resulting fall in 
the demand u ill lower the price, again and ciuihi* u to return to its 
former level. 


1’repair a diagram illustrating this statement, (London Association 
of t\ rttfied Accountant*.) 


0. < oiupnte the 

ipuirtile 

• ■efficient 

of dispersion of the billowing 

fretpn’ncy table . 


Exceeding. 

V <t E\t re 

ding. £.. 

71 

1 

Hi 

2 ; V,t 

HI 

\ 

'H 

4 j 

t»i 

\ 


f> 

10 

\ 

11$ 

*1 / 

u 

[ 

\'2{ 

\i ; 

12 

1 

13J 

3 

13 

l 

1IJ 

\ 


7. (u) What use is made of the Lag in the study of Statistics ? 
ib) interpret the formula :-~ 


r -W. 

71 vr j 

(Ijondon AM&ciution of Certified Arcountont/t. 

H. Explain what is meant by a coefficient of correlation arid what 
it measures. {Union of iMumshirt and Cheshire lnMitutoi.) 

L 
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9. The prices, in pence per pound, of two grades of cotton for 
twenty successive wwb during 1933 were as follows : 

! Mkl-Amoriflan . j 5-02 i 4-OS ' 4-S5 4 79 5 09 AJA'5-06 ! S-10 535 ' 5-36 j 

l So. J Ootnr* . ; 4-20 4-17 4 (19 3 97 4 27 4-24 ; 3 92 3 86 4 03 4*03 ! 

1 Mid-Ammonn . : 3 41 ! 5-73 5 *7 ; 0 02 ■ 5*99 <K«>! 6 37 j 6 24 j 6-21 ' 6-59 

j No, 1 Oumra . i 4 17 4 3(1 4-4* j 4 66 4-A0 4 *8 j 4 93 ; 4-81 , 4-77 j 5 13 ! 

Find approximately the crxdficieni of correlation between the two 
seta of prices. {Unum of Iai ncanhirc and ( 'heshirt InMituUs.) 

JO. Examine the influence of the numerator in the Karl Pearson 
coefficient of correlation. (/ncorjnmitrd .1 crou nitsn (a (Fiml ).) 

11. Compute the coefficient of correlution for the following series 
of ages of husband and w ife :— 


Subject. 

Relative. 

SuhjfH’t. 

lU-Uuivo 

m. 

m. 

w. ' 

m. 

Age of 

Age of 

Age of i 

Age of 

hue hand. 

wife. 

husband. i 

wife. 

27 

22 

30 • 

29 

28 i 

29 

31 

32 

29 

24 

31 

2ft 

29 

21 

32 ! 

25 

30 

25 

33 

3U 


(InrmjHtratHl A crountants (Final ).) 

12. How would you test whether variations in the price of primary 
commodities exported from the countries of the British Empire over¬ 
seas were a guide to the changes in the volume of exports from the 
l*nited Kingdom to those countries* (I nrorjfornttd ArroutiianU 
(Fintsl) ) 

13. Define rorreUtion, and explain the meaning of positive corre¬ 
lation and negative correlation. (Build iny Socuiits Jmtitutf.) 






CHAPTER XVII! 

TIME VARIATION* AND TRENDS 


Comparisons of Business Facts and Tendencies. -It in recog¬ 
nised that comparative statistic* of business art* one of the most 
effective methods of analysis for management puqioftef*. 

Statements and graphs showing data for a current period, 
with correMpotiling data for some preceding period. <\g. last 
month, corresponding month hist year, etc., are now very 
commonly used by alert business executives. 

Further valuable information may be u(forded by preparing 
tables or graphs showing thictmit ions of a period of time, 
especially over n series of months, and for some purjxises. over ft 
series of years. This usjieet of data will now lie briefly considered. 

Time Variations may reveal f»*ur tyj>es of movement; — 

(1) A’W/ Time or Sm*o/uil FI art notion#. — Thm ( arc 
frequently of a regular periodie type, movements rising and 
falling hourly, daily, weekly, seasonally, ch\, according to tho 
nature of the business. Seasonal os» illations are a marked 
feature of many trades and industries. (See Fig, A4, showing 
regular seasonal fluctuations in coal production; also the fairly 
regular quarterly fluctuations in bank deposits in Fig. Hfi.) 

(2) Cyclical Find notion# are longer termed movements of & 
periodic type, but which recur at intervals of molt* than a year. 
Within these major cyclical movements the wore frequent 
seasonal fluctuations also occur, just as small waves keep 
breaking on the undulating swell of a rough sen. (Sex* top curve 
of Fig. Hfl representing Rank Deposits.) 

(3) Long-Time or Secular Movement# representing the king* 
period trend over a number of years. (See the super impoaud 
moving average of new capital issues in Fig. htf.) it is not 
unusual to have seasonal fluctuations of data imposed on a 
cyclical rise and fell over two, three or more years, with the 
w hole of the data showing a long-period rising trend. 

143 
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(4) IrreyuhtT Fluctuatwas, often of an unexpected aud 
violent typo arising from some exceptional occurrence like 
war, lire* or flood, or other derangement of norma! economic 

FINANCE. 



Fig. #6, Cievks Kr.ru eh t:\Tr\u Vaiuouh Types or Time Variations. 


conditions. (See bottom curve of Kig. allowing aharp rise in 
short money rates in 1931.) Time irregular and erratic 
movement# are often not separable from the huaine*# cycle 
v arm turns. 



















TIME VARIATIONS AND TRENDS US 

Tito four types of time variation* are illustrated in Fig. 96,* 
tbe date for which apfiear in Fig. 97. 

The Value of Analysing Time Variations cannot be over* 
cutim&ted. It is valuable to know, not only the weekly or 
other fluctuation# of the current time, hut also what is the 
general movement of attains over a longer period, Thin i# 
nocoKSury when weighing up the question of ordering or con¬ 
tracting tor new or of embarking on new capital cxjienditure 

on plant or other tiKtwl nwts. barge stocks acquired when 
prices an" soaring and capital installations when trade in bourning 
have often resulted in heavy hiss when conditions turn inversely. 
A skilful statistical analysis. closely aiul regularly watched, will 
often mitigate the difficulties when the turning jmint arrives. 

1 he astute business man will study the (nuimv of developments 
which have been taking place, and review what faetorn an? 
ojxuatirig to-day, so as to attempt an estimation of what all 
these fetors are tending towards in the immediate fuhiro. To 
forecast the future is never certain, but judgment# will In? better 
guided if suitably prepares] statistics are available and interpreted 
with reason, t.»raph# particularly useful for showing business 
time series of data. 

Thtj Basic Long-Period Trend is t he tendency of various business 
values to increase or decrease over a perhxl of years, as described 
above. This tendency goes or* regardless of seasonal. short 
cyclical and irregular changes ; and the value of ascertaining its 
movement is that as the direction docs not change rapidly, it 
portrays probable trend for a year or more ahead, always taking 
cart? to bear in mind current factors likely to cause temjxirary 
variation, such a# that of the business cycle. The business cycle 
is a swinging movement which has not the regularity of seasonal 
movements. 

Three commonly occurring type# of trend are : - 

(a) Arithmetic Proyresfiion .a regular increase or decrease by 

tlie same amount each year. On a graph it is a straight 
line. 

(b) Geometric Progression —a regular increase or decrooAo by 
the same percentage or rata each year. On a graph on a 
logarithmic chart it is a straight lino. 

* R*pn*hjc#*l by from thu* Monthly Bulhim, April 1934, ot the 

London *uei Ctanbrkigo Eotmimu! Burviue. 
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{«) " 8-Curve ” Progression —representing the fiwt slow, then 
more rapid growth of the buninra* up to a maturity point, 
after which any increase in email and slow. A graph of 
thie type ut given in Fig. 87. It is sometimes called a 
logistic curve. 


<MWff 



Fiu. H7. SU’cnv* T«ikm» or Piuiurr-noM QtAMTirlrt* by a 
Maw w Ar-TMttso Com r any. 


Establishing the Trend Line.-* A trend linn i* not regarded 
a* vary reliable for fx>ritKl* of le#s than ton years, and two things 
to guard against arc . 

(1) Isolated extreme items, like a very exceptkmailv high 
year of trade duo to a local non-rec urring cireuriwtAnee. eg. 
an international exhibition in the loc ality r an unusual influx 
of a Uuitpomry labour supply on a large constructional contract 
in the district; u great tire, etc, 

(2) Chou** of wrong periods. Sometimes a pronounced 
cyclical movement may give a wrong imprea&km ol trend. 

Various methods may be employed for fitting the secular 
or long-period basic trend— 

(a) Freehand Curves .—These are very useful, as they may he 
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guided to gome extent by judgment. In ease of doubtful 
direction it is a good plan to draw two possible extreme curves, 
and then insert the probable centre one in the most likely 
representative direction. 

(b) The 3/ eihrxl of Semi - .4 tvmgen. —The .series of data is 
divided into halves, an average taken of each half, and these 
semi-averages are plotted on the middle ordinate of each of the 
two periods, A line drawn through those two [mints gives the 
trend. 

The value of the method is (i) that an exceptionally high or 
low year which is obviously unrepresentative may be omitted 
from the averaging, (ii) In an irregular series, two or more 
groups of years can be averaged, each being plotted separately, 
ho that abrupt changes in trend can be shown. 

(c) 3 foeinq A ivmyr Method, -This is a more precise method. 

Items art* averaged in groujw of three*, five.se veil or other suitable 
number, and the average m obtained is used as the figure for 
the centre year of each group, thus : — 1 19210, 1931 data 

averaged gives the figure for 1930; 1930. 1931, 1932 averaged 
gives the figure for 1931, and ho on for the whole series. (See 
example in Fig. 91. column (<•). a moving average based on 
twelve monthly totals.) In selecting the number of items to lie 
averaged regard must lx* hud to which grouping will bent elimin¬ 
ate the effects of irregular values; this is usually a period 
equal to the jieriod of the cycle to Ik* removed, or to an average 
of the cycles if the cycle is irregular. 

If nn even number of veara he used, the average will Ix> 
that of the two centra items, and the point will be plotted 
accordingly ; or, the moving averages for those two years may 
be averaged and plotted exactly on the years. (See Fig. 91, 
column (d)d 

A disadvantage is that it cannot lx? kept dose up to date, 
although for long period trend this is not a serious handicap. 

The effect of plotting the moving average of a aeries of data is 
shown in Fig, 37, and in Fig. 80 (the curve representing “ New 
Capital Issues ■’). 

(d) The Method of Leant Squares. —Although this is the 
most representative method, it is rather involved for practical 
use. The procedure is :— 
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(i) Find tl»* arithmetic average of the items ; this la lb© 
middle fMiint of the line representing the trend. 

(u) Kind the centre of the serie* in point of time. 

(iii) Subtract earh year from the mid-year to find the 
tivu deviation from the latter. (See column (c), in Fig. 88.) 
Those lieforo the mid-ftomt are niimi* deviations, those after 
are plus. 

(iv) Square them* deviation# and total the %ure« ho found. 

(v) Multiply the value of the items (column (b)i by the 
deviation# f Uinta* in column (rj), and total the product#, 
taking notice of the signs. 

(vi) Uivide the total found in (v) by the total found in 
(iv). The result is the average amount of increase in the 
trend year bv year, thus giving the »lo[*e of the line of leaxt 
squares which is the line of best tit. This increment is used 
thus; For the number of years above, <»r below the mid 
year that a given year stands in relation to the mid-year 
add or subtract that many increments. Thus \'SA2 to ISW, 
mid year is 1HH4 ; Kay the *n« rement in i2oO . the increment 
for ItIHft is l X £'25o r V2oO above Um average value for the 
series of data,, viz i'.'tooo ; (Or Ii»;u> it is 2 - £2o0 - £5 <hi 

above the average; lor I1W2 it is 2 2 An ■ - inou below 

the a\ernge and so on. shown in column (/), Fig. 8S. The 
value# in column (J) when plotted show the trend line, 
(See Fig, Mb) 

A.//. -When, instead <»f a |>r>‘g revive amount nf ineroHsf* (or decrease), 
fhert* i« n constant ivrrcnliite** tm »u«h year, the (r» i n»l can 1#* shown 

tty th*» al*»ve met hist, *tdr.f n tiling logarithm* for flu* actual dain, Phdt**d 
on a Hriiii.|<*ganthnite chart, th* 1 result »h a logarithmic straight tin** of trend, 
somoiun<“* rjiUcd a c<>in|>4Mm>t rnmn-o our\»\ Thi* irw-thod »«. u^otai f«*r 
cUuwumg mina^ of population it* the |«ipuUti<*n mcmvM-s tt< cording 
0* (he compound mtere-a law. 

Seasonal Variation. \Vh<*n actual data* say of sales, am 
plotted on a natural scale graph, the seasonal variation ia easily 
seen, and usually if each year's sales totals have increased (as 
they will in a progressive business), the seasonal variation move¬ 
ments aw mote pronounced. Plot the same data on a logarithmic 
male and the variations will usually appear as regular waves 
throughout the series. Seasonal variation is usually sufficiently 
indicated by monthly data. 

Measurement of Seasonal Variation.— The three most practical 
methods aw * 
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t 

Time 

--- ■ 

; 

..i 



Deviation 

Deviations 

IVotJuei ! 


Year- 

Saktf. 

from 

of (Vil. (c) 

Col*. (6) j 

Trent 1 j 


| 

MtiMlf 

SijUAMl. 

(r). ! 

Ortlmatw, j 



Year. 

; 


j 

C»i 

«>) 

<c) 

(*) 

{*) : 

</) | 

ms 

i £ 

2.2.V* 


4 

f 

- 4500 

t 

2500 j 

11133 

2, wo 

- t 

! 1 j 

jhoo ■; 

2760 ! 

1934 

3.900 ; 

0 

0 

o f 

3000 i 

mr» 

2,300 

. 1 

l 

V 2300 1 

3250 ! 


.vr*o 

.. '* 

4 

■i 7500 1 

3800 ! 


15.000 


to 

? l\ f »O0 ) 



Av* tiitv £3000 \ trtfui pnim value in r H04.ii. 

CV.I 

War to v*-ttr iivnJ mervu'-f in . ‘ , ■■■ ** - £250, This 

« <»J. {crv In 

HTUMmt i - ivMimI or fr^rri £3<HH> ur-MM-.iinju' to Hu* imir deviations 

^*iv» n in foil unit \r t fcl'nmi if)). 

Thu vu!>i'*i i» 1 ’iflumii >f) an* plotted on 1 lio frruph m I i# Hit. 

I-*-.;. >Tji» K»sk tu liK-it Kit mhowim. Tuksh Fmumji* my Tint 
Mruiui-t o* Li ast Nqs auks. 



Kig. Ml.--Tamer* »v Kmjtti.m* Vamt* Fi*wd s»v Marnoi* or Lkamt 
$<*t arkw mo* 1>ata ije Km. H*. 
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(1) Use of monthly average# to form a seasonal index, 

(2) Vm of moving averages to form a seasonal index* 

(3) Method of link relatives, a method which in too com¬ 
plicated for ordinary use and will not be described. 

The advantage of measuring seasonal variations is that the 
causes may be inquired into and the possibility of changing them 
(e.g. by advertising) may lx? considered. 

Calculation of Seasonal Variation by Monthly Average#. - The 
procedure is * 

(i) Find the sum of the totals (say sales) for the January#, 
February**, etc.. for the year* under review (Fig. 00, column {/)), 
and divide by the number of totals used to obtain tin average 
for January, February, etc. (column [>j )). 

(ii) Find the average of the monthly totals. This can be 
based on tho sum of the monthly total# (column {/)), or on the 
sum of the monthly averages (toluiim (*/)). Both are given 
in Fig, 1X> to show that it doe# not (natter which are used for the 
purpose. 

Mandarin Limited. 


r. 

i 

i 






JVrnent ■ 

; 

| Months. 

i 

1 

Safe*. 


Total 

id 

Kmir- 
Y cat-*. 1 

age of 
Monthly 
Total to 1 

t 

i 

i 

1833. 

j 1034. 

1035. 

1036. 

Four 

Wars. 

Aver¬ 

age. 

Average 
Monthly ■ 

( 






Total. 

{ («) 

1 <';[ 

fr'} 

id) 

in 

if) 

h') 

(h j 


i 

£ 

£ 

i 

i 

£ 

£ 1 

Jam 

; 2«o 

2im 

270 

276 

1,072 

26h 

114-5 

Fob. 

i i’.ie 

23s 

242 

250 

060 

240 

102 6 ^ 

March . 

i l Oft 

202 

22K 

234 

850 

215 

DID ! 

April 

May 

i iw 

ion 

! 100 

f 20 S 

703 ; 

198 ; 

! *46 j 

! 2(H) 

210 

: 216 

; 222 

H4S 

212 j 

00*6 l 

June 

210 

210 

225 

• 230 

SS4 1 

221 j 

i 94*4 i 

; July 

155 

, 159 

176 

175 

605 

166 ■ 

70-0 . 

; Aug. 

Iflt) 

106 

198 

200 

7*4 i 

: 106 j 

! 83-8 • 

: Hcpt. 

220 

: 226 

234 

; 240 

020 , 

230 

88-3 

J Oct. 

240 

242 

250 

urn 

992 : 

248 

106-0 1 

4 Nov. 

21M 

i 288 

312 

320 

1,224 1 

306 ; 

M08 ; 

I IW . 

tm 

'• 300 

; 310 

; 325 

1,231 j 

308 : 

1316 i 

! Total 





11,232 i 

2608 

1200-0 j 

| Average 

i 

1 



036 ; 

234 

5 

100-0 | 


Tta. SO.— CAijcvUkrnm or Seasonal Vacation Isdkx (Ootcxn <4}), 
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Mandarin Linnibd 


Year* and 
Months. 


mi 


ita* 


\\m 


{a) 

Jan. 

Ki-b. 

M nwh 

April 

May 

Jim** 

July 

Aug. 

Sept. 

Ol’t. 

X f »v. 

1 »rc\ 
Jail. 
K*'h. 

Mutt h 

April 

May 

June 

.filly 

Aug. 

Sept. 

Oft. 

Xuv. 

Dor. 

Jan. 

Foil. 

March 

April 

May 

.1 uno 

July 

Aug. 

Sept. 

Oct. 

Nov, 

Dee. 


Actual 

Sale*. 

(?>) 

20ft 
238 
202 
106 
2)0 
210 
200 
10ft 
22ft 
242 
208 
,100 
270 
2*2 
228 
100 
21 ft 
225 
22ft 
198 
234 
250 

31 a 

310 

27ft 

250 

234 

208 

222 

230 

225 

200 

240 

2«0 

320 

325 


Twelve 

Month* 

Moving 

Average. 

<*> 


233*5 

233 8 

234 2 
236*3 
236*6 
237*1 
237*7 
230-0 
239 I 

239 8 
2405 
241*7 
242*6 
243*0 
243*7 
244*2 
244*0 
246*4 
245-8 
24 5 8 

240 0 
246*4 
247*3 
248*0 
245*2 


Two 
Month*' 
Moving 
Average uf 
Col. |c). 
id) 


Sole* (Coh 
{b)) m Ppr* 
ecntngv* of 
Moving 
Average, 
<«)' 


233*6 

80-4 

234*0 

83-7 

2352 

06*11 

236*4 

102*4 

236*6 

125*8 

237-4 

1264 

238-4 

113*3 

231M* 

101*3 

230*4 

06*2 

240*1 

82*0 

241*1 

89*6 

242*1 

020 

242-7 ! 

93-1 

243*3 | 

81 4 

243*0 

9ft*0 

244 5 i 

102*2 

2451 

127*3 

245*8 

126-2 

245 8 

112*3 

2460 j 

s 101*7 

24ft-2 

05*0 

246-8 | 

| 84*3 

24 7-ft 

89-7 

248*0 

02 5 


! 


Fio. 91.—' Table or Moving AvvriMomi, oar Actual Sammi in 

Coi.t;*t» (b). 

209 

Tli# percentage* in column (c ) above calculator! thu*: July X 100 «• 89-4. etc. 
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(iii) Find the percentage that each monthly average or 
total bean* to the average of the to tala, or to the total of 
monthly total* (column (ft)), e.g. January (column (g)):— 

Average Total for January ^ ^ 

Average of Total baaed on 12 months average ' 

hence **** ^ 114 5 (us in column (A)). 

In practice a longer jieriod than the four yearn dealt with in 
Fig* 90 should be used because of the influence of cyclical 
factor#. 

Mandarin Limiud 
Sole* 11137 MW 


1 Month*. 

1037. 

id:k 

1939. ; 

Avt-rapo 
(Cols. (*>:, 

St-HSCIuU 

1 




[r}> id] j. 

i Index. 

! (*M 

('•) 

(?) 

!'0 

H 

</> 

1 Jun. . 


113-3 

112 r» 

112 9 

ll3-o 

1 Keh.. 


101-3 

101 7 

lot 

loro 

} Mfirr h 


9S-2 

01-0 

93 1 


! April 


M2-9 

Ml 

m:hj 

h3'7 

i May . . i 


see 

89-7 

*9-*i 

S9-7 

, June 


92 V 

i»2-a . 

92 7 

92* 

! July. . j 

MM 

93 1 


912 

91 3 

: Au«. . ! 

M3 7 

HI 4 


32 r* 

H2 0 


Wilt 

9ft-0 


90 4 

9»k r > 

! Oct, . . ; 

f Nov. . : 

102 1 

102-2 


102-3 

102-4 

ij.vx 

127 ;t 


12 *>■."» 

12*10 

[ rh'r.. . \ 

12 *M 

1204 


120-4 

120 T> 


12,<H9*-7 — 1 


Km. 92. Skaisonai, Ispkx 1Um;i> on Moving Avkiuuk. 
Only ihrtstt ytmrs uj** 1 for convrruonc^ of 


Calculation of Senmnal Variation hy Mating Atrnnjc *,—The 
procedure ia:— 

(i) Find moving average#. (See Fig. 91, column# (r) and {*/),) 

(ii) Express actual data as percentages, item by item each 
year, of the moving averages (see Fig. 91. column (*)), and 
arrange in columns as in Fig. 92, columns (ft), (c), and {</). 

(iii) Average percentage# in (ii) month by month for the 
four (yean* or other number of yearn), (See Fig* 92, column (e).) 
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(iv) Convert tliese averages in (iii) to relatives using the 
average of those monthly averages as base. For example, 

112*9 

January in Fig. 92. column (e ): - ^ x lot* 113 ; December 


126 4 v 
99*9 


100 r=r 126 5, as shown in column (/), 


The Elimination of Seasonal Effects in advantageous when 
it is desired to observe the trend of business data, as the trend is 
then much easier to «ee. Two methods may Iw used :— 


(i) Compute the moving average for a period of one year, in 
the manner already described, or 

(ii) Divide the actual data (of sales, production, etc.) by 
the seasonal index. For example, by dividing the monthly 
sales in column lb) of Fig. 91 bv the corresponding monthly 
index in Fig. 92 (column (/)) ttie data will lx> corrected from the 
influence of seasonal variations. 


Business Cycles, or. in other words, the recurrence of j*>riod« of 
good and bad times over a immlter of years, an? most conveniently 
reviewed in relation to the il normal, M if. in relation to the long 
time trend as after ted by the usually inevitable seasonal vari¬ 
ations. 

Without the interference* of the business cycle the normal, 
m just defined, would l>e the course follow cm! by most well- 
managed businesses. |f ( therefore, the. influence of trend and 
seasonal variation were removed, the normal course would 
l>e represented on a graph by a straight line parallel to the base 
line of the graph, and the cyclical and erratic movement* would 
rise above and fall below that normal line. 

To Show Cyclical Movements from the Normal the following 
methods may be used . — 


Method 1. 

(i) Find the trend (tiay by the moving average or method 
of least squares already described). and the seasonal index. 
Kay these are respectively sales £100o per month, seasonal 
index 80 per cent. 

(ii) Then the normal i» 80 per cent, of £1000 per month, 
viz. £800. 

(iii) Deduct this “ normal ” from the actual sales for each 
month. The differences (plus or minus) arc the effect of the 
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eyctieal movement*, and will, if plotted on a graph, rim and 
fall above and under the horizontal M normal ” line, 

Method 2, 

(i) Find the normal data (Kay sales) by multiplying the 
trend and seasonal index m before. 

(ii) Express actual data aa |>emmtage* of normal. 

(iti) The deduction of the normal {too) from the per¬ 
centage# gives the deviations required, these being the result of 
cyclical movements without the of feet# of trend and seasonal 
variation. 

Method 3, whic h is lew# accurate — 

(i) Reduce ac tual data to pmventngo# of trend, 

(ii) Subtract seasonal jwreentages from these. 

Thin give# the jKTcentage deviations from the normal. The 
moat effective is Met hod 2, which shows the cyclical movements as 
percentages of the normal. 

An Important Use of Analysis of Time Series in the assistance 
afforded in preparing business budgets and in attempting to 
forecast business probabilities. Those problems will be dealt with 
in the next chapter. 


Qr KSTIO SH 

1. tJraph the short-time oscillations of the following price indict, 
using a half-yearly base 


Month. 

Index. 

Month. 

Index 

1 

so 

10 

m 

*» 

82 

17 

98 

5 

HO 

IN 

100 

4 

01 

10 

114 

5 

S3 

20 

112 

li 

85 

21 

100 

* 

* 

Htl 

JJO 

100 

H 

n 

23 

112 

9 

03 

24 ! 

120 

to 

: m 

25 

i 118 

it 

91 

20 

| 112 

12 

94 

27 

no 

13 

100 

28 

107 

14 

: i<>5 

29 

113 

15 

102 

30 

116 


(Incorporated Accountant* (Final)*) 
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2. Draw a graph based cm deviations from the arithmetic means, 
comparing the movement of the following series of average wages and 
average coat of living indices. 


Year. 

; Weekly Average. 

; Awmg»' Index ol 1 
Ofwt uf living. ■ 

1915 

42*00 

1350 

1916 

! 44*58 

165*0 

1917 

53 OH 

187*5 

1918 

09 91 

220(1 

1919 

80 91 

i 225 0 

1920 

100 83 

2050 j 

1921 

i mh 33 

192*0 \ 

1922 

! 71*33 

f 178*0 

1923 

! 09*181 

177*0 

1924 

73*42 

160 0 

1925 

73*67 

i 176 0 

1920 

7.TH3 

176 0 

1927 

74-08 

1 168 0 

1928 

72 50 

167 0 

1929 

72 33 

166*0 
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3. Show graphically the long-pern* I trend and the shortperiod 
oscillations of the following data. tW a five year cycle. 


I860 . 

. 80 

1865 . 

. 85 

1890 . 

91 

1881 . 

82 

16*6 

89 

1891 

94 

1882 . 

86 

1867 

96 

1892 

100 

1883 . 

. 01 

1868 

. 93 

1893 - 

. 105 

1884 . 

. 83 

1689 

90 

1894 . 

. 102 


{Intorjtoraiid Accountants (Final).) 


4, How would you make a comparative study of:— (a) the long¬ 
time trend; and (&) the short-time fluctuations in two series of data 
expressed respectively in pi) tons, and (6) £ sterling ? (Incorporated 
Accountants (Final).) 

A. Define a moving average and state ita various uses. What 
should determine the length of the average ? (Incorporated Accountants 

( Final h) 

6. The population of a country increases according to the compound 
interest law. In 1831 and 1931 it was 2,000.000 and 5,0(K»,0(Kt 
respectively. Sketch a graph to give the logarithm of the population 
at all times during the period, and use it to estimate the population in 
1887, (Union of Lancashire and Cheshire Institutes.) 
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7, A census of the population of England and Wales taken in 
1931, Another cciiau* i# to be taken in 1941. How is it possible to 
make efttimatew of the imputation of England and Wales for intervening 
year* f (Onion of faincu*hin and < h white. httfiUUtA.) 

H, The following quarterly out puls of coal an* given. It is 
known the demand curve varies with the time of year Calculate 
the correction necessary for each quarter to eliminate the seasonal 
movement. 




! Output 


i.^aait» >«k. 

i 

; output 


! (Mtslc'i* Ton* )• 


tMilln n Ton*}, 

1 1*27 

1 

; r.s :t 



' 112 S 



ilg-tt 



i U7-o 



i »ii-l 

n*:m 


’ 70*1 


i 

{ MM 


2 

«V.r 1 

1 f»28 

i 

«i.V4 



r>*i;» 


j 

r»T n 



| iiMi 


A 

r*«-4 

iu:u 

I 

i , 


4 

i d r. 


1 i* 

>4-h 


I 

t.Vl 


;i 

r.i i 


- 

i.2 7 


i 

.*»S H 


(IncorfHtmU/l Awountiiid* [final) ) 


9 . The following table .show* the month of occurrence of death* 
of male* from Whooping Cough and from Erysipelas in England and 
Wale*. 1933 - 31 . Draw a graph showing the conqmmth elv monthly 
variations of mortality from these fwn disease* as percentage fluctua¬ 
tions about the average for the period. 

| I M3. put 

Cali'S* r»l* 


Death. \ 


i art, . 

Ni.v,; IW. 

.Tan, !**«•!> Mar. 

Apr 

May 

Juf)*' 

Juh Aug Sept 

WhivopuJig > 







C<rltgh IT 

;u) :a 

, 73 Ins I3U 

(37 

Its 

: 90 

47 - 32 2* 

Kry-apeUs : 3o 

M UH 

Igl li»7 7:7 

'M 

; 7i 

4 M 

X> 29 ;is 


(X.A.L.O O.) 

10 If you were a*k<d to make an estimate of the number of children 
for whom school ammi modal ton wotild have to he provided under 
your authority in ten years' time how would you do so \ (migration 
may be ignored t . (X.A.L ti (t) 

11 From the following particulars as to the numbers of Injured 
Mata* unemployed in the Building and (oust met ion Trade* in the 

determine and pint the trend, together with a curve showing 
the monthly variations. 
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TbousanU, 

1035—Jan. 41? 

Feb. 332 
Mar. 270 
Apr. 215 
M«> 222 

June 221 
July 237 


1»3«—Au«r. 

Thousand*. 

233 

S*pt. 

242 

Oct, 

255 

Nov. 

277 

IjM'. 

:m 

1*37— Jnn. 

30K 

Ff l»- 

2WI 


T)umswfctid*. 

1937--M»r. 28i» 

Apr. 234 

May 2 U 

June 21 u 

July 222 

An is. 220 

Si pt, 228 

(S'AAM.O.) 
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CHAPTER XIX 

BUSINESS BUDGETS AND BUDGETARY CONTROL 


BosrNuas forecasting and budgetary control are important 
rlevelopmenta of statistical method, and both depend upon 
Hyntc matin planning or preparation of budget* for various business 
operations. 

Details of any such scheme must vary considerably according 
to iheoigamsatkmeoiU’ermHl, but then* arc* fundamental principle* 
which may Iw considered. 

A distinction must be observed tauween the preparation of a 
budget and budgetary control. The one is the adoption of n 
predetermined plan of financial or other operations, and the 
other is the controlled execution f»f it by means of co-ordinated 
effort. 

A Business Budget i* n^essarilv a composite one, and regarding 
it as the master budget, the following divisions of it would 
normally ho required, 

(«) Sales Budget, including any selling campaign. 

(b) Production Budget, or, in the case of a business simply 
engaged in trading, a budget of stock and purchases. 

(r) Expense Budget, which will be suUlivkind into fixed and 
variable expense corresponding to the planned pnxluction 
and sales, 

(d) A Plant ami Tools Budget in the caw of a large manu¬ 
facturing concern. 

{e) Financial Budget to (‘over the financing of all ojorations. 

The Sales Budget. -As a rule the bales budget is the key to the 
preparation of the other budgets, but occasionally the pnxluction 
budget is planned first, viz.; (n) When the po&ublo maximum is 
limited, certain crops; (b) w hen a certain quantity must be 
produced to make the unite at a desired cost, certain engineer¬ 
ing and foundry productions, unless produced in large quantities, 
cannot be made to sell at a competitive price. 
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An axmiud budget ha usually prepared in the case of distri¬ 
butive trades and of the light industries, 

A three months budget* or shorter period, is neeeasary where 
production occurs after sales orders have been received, 
heavy basic industries. 

Certain types of constructional businesses may make a budget 
covering two to five years. 

The budget preparation necessitate* an analysis of market 
conditions, the trend, and the immediate and distant future 
prospects. Past performance must obviously be considered. 

The budget may l>c : (l) by types of product, lines offered 
and so on, (2) by quantities and values per item, (3) by 
geographical sales areas or travellers 1 “ grounds.” 

Whom values form u basis of the budget, the nectary adjust- 
ment for money \aluos and individual prices must be nuuie. 
Sometimes arithmetic averages, duly weighted for quantities 
anticipated, are used. 

Due regard must lx* paid U> available markets, sjxx'ial con¬ 
ditions obtaining in particular areas, the volume that the plant 
and organisation can handle and, not least, the labour and capital 
available. Reports from salesmen, agencies and special surveys 
may be required, and these play an im|>ortant part in preparing 
sales budgets. 

Thu Production Budget. —When the wiles budget has been 
settled, the production organisation must be determined to 
provide the estimated requirement* of each line of product, and 
to arrange for the raw materials, labour and finance. Production 
has to be planned to make the most economical use of the plant., 
and the cost Imsis is commonly adopt <*i to cornu pond. with the 
sate* quotas reduced to that basis, ft is only in production for 
stock, from which sales orders are supplied, that production 
budgets are really practical, 

A factor of importance is tho size of economical production 
orders, and this is ordinarily the basis of production schedules for 
any period, and not the estimated sales for that period, always 
provided that the budget limit# for the budget jxjriod are observed, 

Statistics should provide the neetiHsary control over quantities 
produced and stocked, and the cost accounts the control over costs. 
Adequate stocks must be planned and controlled accordingly; 
excessive stocks tie up capital unnecessarily aud introduce risks 
from deterioration and fluctuation in prices. 
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With regard to labour, planned production may overcome 
seasonal variations, and helps to ensure retention of a competent 
staff. Peak loads and avoidable overtime are minimised. 

Manufacturing exjxuwes can be cheeked Against standard 
costa based upon the production budget. These standard coats, 
used by the cost, accountant its measures of efficiency, are based 
on the projected volume of production, not on past records, 
Through these standard costs, and buitgeuxl details of production, 
budgetary control can be effectsI. 

The Budget o! Trading Stocks carried by wholesalers and 
retailers, based on an estimate of annual requirements, involves 
also the preparation of monthly, weekly or even daily sales 
budgets, departtmentally, liased on these estimate, buying 
limit* are notified to the departmental buyers. Monthly, weekly 
or even daily statistics provide the necessary information for 
budgetary control, by presenting details of planned and actual 
figures. Often comparative? figures for a previous period are 
included. 

Expense Budget* —-The budget of expenses enables the manage¬ 
ment to set up standard costs or ratios under various sectional 
headings, vsj, advertising, selling start, delivery costs, etc. When 
properly controlled upon details afforded by regular statistical 
reports any excess beyond that warranted by the volume of sales 
would call for inquiry and curtailment of future excesses, except 
in so far m changed conditions necessitate them. Usually the 
percentage or unit costs under each heading of ex|ienae are 
calculated by the cost department, and suitable statistical report* 
can \n> prepared. 

Co-ordination should lie Arranged between all depart¬ 
ments, to ensure the closest realisation of all budgets ah a 
whole. In addition to internal factors, it is often necessary to 
obtain much information from outside. It is the duty of the 
statistical department to cooperate with all tie part, monte by 
affording useful statistical information, and with the ad mini* 
trative officers by preparing such rejnirte as will enable them to 
keep in dose touch with data necessary for control. It is not, 
lum ever, the responsibility of the department to prepare the various 
budgets. The budgets are seldom rigid* and being merely care¬ 
fully planned estimates, may lx> modified when conditions 
necessitate this course. The real objective is general efficiency 
which is the foundation of profit earning. 
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Tbe value of statistical reports depends largely on the method 
of presentation, and this in turn depends upon the ability of the 
executive officials to use statistics. Some can understand and 
prefer textual or tabular reports. others appreciate better 
graphs and diagrams, and the statistical department should act 
accordingly. 

Business Forecasting is not so much the estimation of certain 
figures of sales, production, profits, et*\, a# the analysis of known 
data, internal and external, in a manner which will enable policy 
to Ik* determined to meet probable future condition# to the best 
advantage. 

Two aspects of busines# forecasting arise : (//) the analysis of 
past conditions, (ft) the analysis of current conditions in relation 
to n probable future tendency. 

Historical Analysis shown the course that business hits followed, 
and. ns observe! in the preceding chapter, there is value in know¬ 
ing the extent of seasonal variations, long-period trend, and 
cyclical and erratic fluctuation#. TTie course and extent of such 
movements an? usually more clearly awn when graphic methods 
are utilised. The utility of statistical analysis of variation# and 
trend for purpa#e# of business forecasting will te apparent. In 
the interpretation of historical analyses, however, care must te 
taken to consider any new factors affecting current conditions. 

Analysis of Current Conditions will often reveal factor# 
influencing business in a certain direction, and in many cases the 
effects are measurable. Examples are new inventions anil new 
discoveries, or developments in public tastes, all of which have an 
important, tearing when business foreeastittg is attempted. Such 
factor# may alter sequential changes observed by historical 
analysis, and consequently any new influences should te borne 
in mind when arriving at conclusions or when attempting to 
forecast tbe probable course of business. 

The Business Index or ‘ Barometer 11 is one of the modern 
devices for assisting business men to follow the? trend, cyclical 
movements and short-time oscillation# of data, and if careful 
consideration is given to all current conditions which may influence 
business, it facilitates various forma of business forecasting. It 
may take the form of a tabulation of index numbers over a period 
of years, or, os is frequently the case, these number* may te shown 
in the form of a graphic chart. 

An index of this type may refer to general conditions of trade. 
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production or finance, or to a particular trade or industry, or even 
to an individual business. One of the beat known examples is 
the Board of Trade Index of Wholesale Prices, an index based 
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formerly on the geotnotrie mean of the c hanges in prices of 150 
commodities, hut since January 1035 on 200, and the base year 
is now 1930, formerly 1924 (see Figs, 67a and 67). Other notable 
examples are those of the Economic and the Stolid, the lattes 
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being baaed on 45 commodities (19 foodst uffs and 26 raw materials) 
grouped under six headings. 

Examples of tabulated index numbers are given in Figs. 93* 67a, 
and 97. Fig, 93 is a table showing M Quarterly Index Numbers 
of Production/’ Fig. 67a “ Index Numbers of Prices and Wages," 
and Fig, 97 Financial Statistics relating to Bank Clearings, Money 
Rates and Index Numbers of Prittw of Stock and Shares. The 


QUARTERLY INDEX OF PRODUCTION. 



corresponding graphs of these, shown in Figs, 94, 67, and 86, give 
a readier view of the movements recorded in the tabulations. 
These figures are reproduced by kind permission of the London 
and Cambridge Economic Service, from its Monthly Bulletin of 
April 1936. 

It will be noticed that in the graph (Pig. 94) the index numbers 
representing the physical volume of production are plotted 
quarterly, from which the fairly regular seAaon&l fluctuations in 
coal production are clearly brought out, and at the same time the 
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general long perhxi trend can ako ho observed. The second curve 
on the graph, which refers to the ferrous metal group (con- 
Hmting of pig-iron. steel, shipbuilding and railway vehicles), 
doe# not exhibit a seasonal oscillation. The trend of various price 
indices is seen in the graph in Fig. 67. 

There are a number of different organisation# issuing reports 
and charts relating to general business conditions, and to #(>ecifie 
aspect# of business and finance. Not all are based on purely 
systematic data, but also uj*»n supplementary information 
obtained from bankers, manufacturers and merchants. Many 
banks publish statistical report* monthly, and indicate various 
aspects of Imaincs# outlook which arc- valuable, as much informa¬ 
tion is available to them on actual conditions and tendencies in 
important industries and lines of business. Details of published 
statistic* are given in this next chapter. 

Not all businesses follow the general trend, and consequently 
various " barometers *’ dealing with ii»(>ortant industries and 
particular types of print net are prepared by various organisations 
and trade journals. Much information of this tyjs? is published 
from iii.no to time by the London and < ’ambridge Economic Service. 

A business index gives i\ general view of conditions that have 
passes 1. and although business forecasts basts 1 on it may often Ik? 
faulty for various reason*, or may 1 m? indefinite in various mqxwt*, 
when prepared in the light of current condition# and trends, a 
fair reliance can In* placed uj*on it, provided the necessary limita¬ 
tion# art? uuderstood. 

The Uses of Index Numbers in connection with various corn- 
menial problems both of a general nature and of individual 
businesses include >~ 

(tt) Guidance when considering sales campaigns. Indications 
of rising prices and improving general pn>#|K?rity may lead 
to a decision to embark on a special advertising scheme to 
increase turnover or to introduce some new article to the 
public at a favourable time. 

(6) Guidance a* to the advantages or dangers of making bulk 
purchases, or forward contract# having regard to price 
tendencies. 

(r) Guidance in regard to the advisability of embarking on 
heavy capital investment in plant, building operations and 
other form# of development. 

(d) In the case of the Cost of Living Index, this affords 
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assistance in dealing with wages problems, particularly if 
tiaod in conjunction with information concwning current 
rate# of wagee paid in other concerns and industries. The 
retention of suitable employees, and avoidance of the not 
inconsiderable loss caused by heavy labour turnover, may 
Ik? ensured by opportune adjustment of wage rates. It i« 
always to an employer's advantage also to have a con* 
tented permmnol. 

The Tost of living Index Xurol>er, and certain other index 
numbers officially compiled, will be dealt, with further in another 
chapter- 

interpretation Of Statistics. It Mill U* apparent from the above 
discussion that ability to interpret slati-stira! anulyacN and reports 
is an important, feutuiv of management, and essential to reason* 
able forecasting, It is the duty of the statistical department to 
prepare and present the facts in the most appropriate manner, 
bu* it is an equally important duty to indicate the mom important 
conclusions dodtn able. 'I his interpretation is valuable to the 
buxines* executive, even though lie may, and often does, observe 
additional interpretations or even modifications. Statistics are 
the key to budgetary met lie * Is, budgetary control and business 
forecasting. 

yrESTn >ss 

1. What is meant by 41 budgetary control M in a business \ Discus 
the view that the two chief things to estimate art* the future production 
cost and the future wiling price of the good*. { Ijtmdon Chamber of 
Com mi ret .) 

2. Describe sources of statistical information on the conditions of 
any industry known to year {London Chamfar of (‘ommmr ) 

3. Explain what is meant by a " moving average. 1 " The following 
index mint Ikt of wholesale prices is quoted from 11KK» to lUiMl. Show 
how to obtain a snirajlh curve indicating the general movement of price*. 


1909 . 

. 75 

1910 . 

78 

1920 . 

. 251 

11*01 . 

. 70 

ion 

HO 

1921 . 

. 155 

um . 

. m 

1912 . 

85 

1922 . 

. Ml 

1003 . 

. 

1013 > 

Kf> 

1923 . 

. 129 

1904 . 

. 70 

1014 . 

85 

1924 . 

. m 

1905 . 

. 72 

1915 . 

. 108 

1925 . 

. m 

um . 

. 77 . 

19U> . 

. no 

1920 . 

. 126 

1907 . 

. 80 ; 

1917 . 

I7r» I 

! 1927 . 

. 122 

1908 . 

. 73 ) 

1918 . 

. 192 * 

! 1928 . 

. 120 

1909 . 

. 74 ; 

1919 . 

. 200 j 

i 1929 . 

. 115 


{/Amdon Chamber of Commerce,) 
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4 . State the different statistical methods by which phenomena at 
different dates may be compared. (Incorporated Accountants (Final),) 
6, Given the monthly statistics for the ten past years of the sales 
quantities of an article with an inelastic demand, how would you form 
an opinion of the results of a current year as the separate 'monthly 
figures for that year became gradually available? (Incorporated 
Accountants (Final).) 



CHAPTER XX 
PUBLISHED STATISTICS 
Their Interpretation and Valve 

l 

It has been mentioned previously that much useful statistical 
information for business purposes may Ik* obtained from external 
sources, and in particular from published statistics. In lining 
such statistics it is necessary to understand what they comprise 
in each caw, so that proper interpretation of them may be marie 
before applying them for business purposes Generally speaking, 
it is probable that, many business men dn not realise the value 
of published statistical report*. and fail U* take the fullest 
advantage of them, notwithstanding the valuable information 
which can be utilised in various wavs. Some of the published 
statistics will now l>o briefly considered. References to others 
may be found in the Annual Guide to Current Official Statistics 
published by H.M Stationery Office, 

I. CKssrs Kkharts 

The Census of Population. - This has been taken every ten 
years sinc e 1801, but is now to l>e taken every five years, The 
United States Census is also decennial. 

The forms or questionnaires required to Ik? filled in for every 
dwelling afford, when completed, information relating to every 
person at the part icular date named, \ h : names t mbitionship to tho 
householder, age. sex, civil condition (married, single, etc.), 
birthplace and nationalit y, number of children, personal occupa¬ 
tion, industry’ in which employed, and particulars of persona over 
14 not following an occupation for profit. 

The Value of the Census for governmental purjx>ses, such as 
local government, old age pensions, educational facilities. housing, 
health matters, etc?., is great, but it is also important for the 
manufacturer and trade distributor, inasmuch as considerable 
information is given about consumers, their distribution and 
occupations, the utility of which will now be summarised, 

1. Density of Population by Area *.—As the Census Report 

165 
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shows the distribution of people, the density of population in 
various amw can be ascertained. When using totals for various 
towns the figures relating to suburbs and adjacent places may 
have to lie extracted and included to obtain effective totals. 
From this quantitative markets can be estimated by producers 
and trade distributors, wholesale and retail, for the purpose of their 
marketing organisation. 

The large distributor can plan for a suitable numlier of sales¬ 
men for densely and sparsely populated areas, and the disposition 
of area depots. 

Hales quotas can be allocated either on a general per capita 
calculation, or, an may l>e necessary for some classes of goods 
(«;.{y, ladies’ anti children's wear) on the basis of the numlxsr of 
females, of children, or of age. The statistics afford the requisite 
information in the various lists prepared. 

2. The Type of < 'wwvrnrr. —The occupational distribution 
lists of the people, bv professions, trades, etc., over towns and 
areas, will give some guidance as to the probable purchasing 
power. These statistics combined with Ministry of Labour 
statistics of wages are particularly useful for kx-a lined advertising 
and selling campaigns, and for planning distribution according to 
likely demand for commodities in various awan. It is a great 
help to know number and *' quality ” of area population when 
estimating jsUontial demand. Family budget investigations may 
serve in a similar manner. 

3. At*iliability of hibour is disclosed by the occupational lists, 
which may l>e of value to the producer when deciding upon the 
locality for his factory site. The inhour supply both skilled and 
unskilled is ns important as proximity to supplies of raw r materials 
and traiuqiort facilities. The question of future' labour supply is 
covered by the age statistics, and the mimlwrs of male and female 
workers probably available is ascertainable. Not less important 
is the mimltcr of employers in an area likely to Iks competing for 
labour. a matter which may affect wage rates if the l«l>our supply 
is limited. 

The Strength of Market*.-- The large producer may utilise the 
occupational lists to fmd the number of traders (c.g, retailers and 
wholesalers), in his product in various districts, this being informa¬ 
tion which will assist him in organising his sales campaign. 
Specialised advertising suitable to the general type of industry 
and labour in various areas may be arranged from the same 
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information, Tendency to decline or increase may be revealed 
in some areas, and the extent of change, if marked, should be 
allowed for when reviewing sales efforts. A rapidly growing town 
should show increasing purchases of a large distributor’s goods. 

II. Prick Ikdkx Xtmjier,s 

Day-to-day prices of raw materials and manufactured products 
ore readily available from various sources, but for the systematic 
study of the trend of price* index numt»cra must l>e uwxi. 

Index Xumlw* an* calculated in several wavs, the chief of 
which have. U*en demonstrated in Chapter XV. Some are based 
on geometric averages,, others on arithmetic averages; there 
are several methods of weighting ; and different bases an* used. 

The chief features of tin* Hoard of Trade Index Number of 
Wholesale Price*? are dealt with below its supplementary to the 
general remarks given in the previous chapter. 

Board of Trade Index Number of Wholesale Prices, -The price 
relatives an* calculat-tni on the Chain Haw Method. The aggregate 
index number is obtained by taking the < l*>unutrk, Average of 
changes in prices of 2<H) commodities. The base year is 11*30, 
blit formerly whs 11*24. The advantage of the geometric average 
is that it does not give undue weight to extreme prices. Average 
irnjtort and ex[*>rt prices arc? used and the data relate to average 
prices for the month preceding. In some ease* two or more 
quotations are averaged to obtain the pric e of a commodity. 

'The grou^vs of items included are : — 

(i) Cereal*. -Wheat, flour, bread, barley, oats, oatmeal, 
maize, ri< e and tapioca. , 

tii) Meat and Fi*h. Beef, mutton. pork, bacon, egg* and 
fish. 

(iii) Other Foods. —Milk, butter, coconut oil, choose, 
potatoes, onions, apples, oranges, sugar, tea, coffee, cocoa ami 
tobacco. 

(iv) Iron and Steel. --Pig iron, wrought iron, steel, and 
rolled, forged and similar steel products. 

(v) Coal.—Ten items of export, household and navigation 
coal. 

(vi) Other Metals and Mineral#.-- Petroleum, copper, lead, 
tin, zinc, and nickel. 

(vii) Cation .—American and Egyptian raw cotton and yams, 
cloths. 
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(viii) Wool.—Raw wool and yams, wool rags, tops in oiL 

(ix) Other Textiles, —Linen yams, raw silk ami silk tissues, 
raw jute and hemp. 

(x) Chemical s and Oils.— Chemicals, tallow, linseed oil. 

(xi) MixceUtintoutt Materials. —Paper, leather, rubber, build¬ 
ing materials, timber, bricks, stone and glass. 

A reclassification of the non-food groups is given under the 
following headings :— 

Industrial Products (excluding fuel), Basic Materials, Inter¬ 
mediate Products, Manufactured Articles and, separately, 
Building Materials. 

The weighting is effected by taking additional quotation* in the 
groups projKirtionate to the imfxjrtanoe of each as determined by 
the 1030 (fensus of Production, ordinary weighting not Iming used. 

The chain base method, each price calculated us a percentage 
of the figure of the previous year, ho* two advantage* : (o) 
current commercial needs are served by making comparisons 
{possible with recent conditions, (ft) substitutions in commodities 
or grades can lx? made when one i* no longer in demand, without 
disturbing the sequence of numbers. This is possible because 
there is no dependence on a fixed base year. 

Beside* the aggregate index number, one is calculated for the 
first three group* (foods) and one for the remainder (non-fowl) 
groups. The Index is published monthly in the Board of Trade 
Journal. 

The dimdmntogc of such an index number is, that although 
it shows the trend of prices, it is nothing more than an 
approximation which is not conclusive, rommoditio* included 
are not necessarily equally available, consumed or demanded, 
nor is any separate significance shown for quality and grade. 

Other Price Index Numbers. 

14 ftmtiamixt" Index, Published monthly, based on the un¬ 
weighted geometric average of change* in prices of 58 items, and 
shown as a percentage of 1913. 

A fortnightly index of sterling and international prices, as a 
percentage of September 25th, 1931, is also published. 

"Statist** (Sauerfaek) Index, published monthly, is an un¬ 
weighted average of percentage changes in 45 items, the base 
being the averages of 1867-1877. These index numbers are 
shown in Fig. 67a t but it should lie noticed that they have been 
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proportionately transferred to percentages of the 1924 average by 
ih© London and Cambridge Economic Sendee, by whose permission 
the table has been reproduced. 

44 Financial Times ” Index, published monthly and weekly, in 
baaed on 75 commodities. For the monthly index the previous 
year it* the base; for the weekly index it is September 1931. 

41 Time# M Index, published on the first of each month since 
1920, ik the arithmetic average of changes in prices of about 100 
items as a percentage of the average for 1913. 

Renter a huhx of wholesale prices daily is the weighted 
geometric average of prices of 21 primary commodities including 
metals. As it is a world pri<xs index the weighting is proportional 
to the important of the groups in international trade, via.: 
weights in brackets, wheat (17k rice (K). maize (5). sugar (9), 
cocoa (2b copra (21, jwppcr (1): cotton (14), jute (2), hemp (1); 
gold (H), silver Mj, copper (d), tin (*j), lead (2), spelter (1), linseed 
(4), ground nuts (3k soya (21; rubber (5), shellac (l). Base 
SeptemlxT IHtb, 1931 : published Kim* 1933. 

Ministry of A\jriniltnrf'* hultr of prims of agricultural 
produce, published monthly in the Agricultural Market Report, is 
the weighted arithmetic average of the percentage price changes, 
shown ns percentages of the corresponding month 1911 -1913. 
The weights are proportionate to the values determined by the 
Agricultural f'ensus of I induction, 1908. 

J finuttry of Uitonr * Retail Fowl Index is published monthly 
in the foibmr Gazette as a subsidiary to the Uost of Living Index 
described below. 

The method of ron*frii< ting an index minder has already boon 
described in Chapter XV, and the official and other index numbers 
are shown in Fig. 07«, and in the graph in Fig. 07. 

Cost of Living Index Number.— Unlike the index number just 
described, the Cost of Living index Number in based on retail 
prices. These pricea have little relation to the wholesale prices, 
for retail prices vary much both between one part of the country 
and another, and in individual localities. Different considerations, 
therefore, must enter into it* compilation. 

The Ministry of Labour Cost of Living Index Number published 
on the 1st of cadi month is intended to measure the average cost 
of maintaining unchanged the pre-war standard of living of the 
working classes for the specific purpose of ascertaining what 
increase has occurred. It is in the form of percentage itu-rease* 
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over July 1914, The index numbers for the years 1931 to 193 
are shown in Fig, 67a, and in the graph in Fig. 67, but these figure 
are given as a percentage of the average 1924 level instead of onh 
the increase. 

No allowance is made Fur any change in the standard of livin; 
since before the War, and no question of the adequacy of tha 
standard is considered. 

The cost of living varied os between families in pre-war years 
and that obtains to-day; also the allocation of expenditure o» 
different items necessarily differs as between one person aw 
another. Consequently the increase in cost of living is express** 
as a jiercentage; for such a purjw>so it is clear that the fa ires 
practical calculation can be only a reasonable general average 
Fiietors that operate against the justness of the Cost of Livin- 
Index Number as a tme basis of comparison are : (u) Varying 
prices and unequal rates of change of individual commoditie 
used leave caused variations in the amount sjjout on each 
(ft) changed earnings have resulted in a higher standard of living 
in very many eases. 

The Cost of Living Index has Ihiui used largely in connect ioi 
with wages negotiations, Since 1914 wages have Iwn increase* 
in many instances on the basis of the (Vest of Living Indc; 
Number; in several industries changes in wages paid take pine 
Automatically according to a sliding scale governed by the Inde. 
Number; and in many instances in recent years it has hoe? 
accepted as a basis for dec iding reductions. 

The Objections to the Cost of Living Index Number may h 
summarised as follows :— 

(a) The 1914 base is out of date. It is claimed that a ne\ 
comprehensive analysis of working class household budget 
should bo made, as present day distribution of wage 
expenditure is considerably changed. and the c ‘ weighting ' 
of items needs revision. (A special enquiry to oollec 
new data for revision of the weighting and content of th 
index number has been announced.) 

(ft) It fails to allow for definite changes in the standard o 
living. 

(r) Its use for the adjustment of wages to correspond wit’ 
purchasing power of money is felt only by the lowe 
grades of employees, ami that the higher paid employee 
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puffer a diminution of rtml wages because tho index w not 
representative of their standard of tiling. 

{d) It fails to include certain luxuries which art? now widely 
enjoyed almost n* necessaries. 

(<■) The method of compilation overstates the penentago 
increase owing to the fact that as certain commodities 
become dearer less of them is bought., and more ia spent 
on relatively eheaj*er tilings. 

(J) Allowance should lie marie for the lienelit^ of public social 
wmvices which base considerably increased since 11114. 

The Uses of the Cost of Living Index am chiefly in connection 
with wagiw adjustment**. It serves as one form of measuring the 
puphudng |*micr of money, Other aspect* an* referred to on 
anr.U lier page. 

The Compilation of the Cost of Living Index Number, A 

weighted arithmetic n\cruize i> used and the items included are ;— 

Fi#*I t vi/.: Iwef, minion, bason, fish, flour, brew!, potatoes, 
tea. sugar, mills, butter, margarine, cheese and eggs. Fruit 
and vegetables are omitted, as they vary so greatly both as to 
prii.es and supplies'. 

Prices an* obtained from o\er bon towns and villages, and 
report* of pri' os u*ed are obtained from over f*OUO retailer*. 
Weight ed average* are used, tin? weights being based, on 
average e\jjcndiftire ascertained from 1U44 w orlvingehiKH 
budgets by the Hoard of Trade in I‘,»b4 Negligible change 
occurred lxdwcon l!H>4 ami ltd4, 1 he base year used. 

KuJ. |Vtuil> are mi j plied by town clerks of the principal 
towns, supplemented by other rejHut*. and include both con¬ 
trolled and dc controlled pud* 

/ 'lothing.— 1 u< ludes . men’s suits and overcoat*. woollen 
and cotton materials and garment* (outer and under), hosiery 
and hoofs, all childly rein lively low-priced grades. Prices are 
obtained from about .'inn retailer* in about sn towns. 

Price rehitiies for eaob ^notation arc worked on the chain* 
base method, and then a weighted average is taken. 

Fti(I and Liyht, iiz.: coal, ga*-. oil, candles and matches. 
Prices are obtained from 2f> to 30 towns, an average of each 
is taken by totalling the <jnotations and dividing by the number 
of items, A fixed, not a chain. Imse is used. The weights 
used are coal <5. gas 3, other items combined I. 
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Other Item#, viz,: neap, soda, ironmongery, brushes and 
[lottery, tobacco and cigarettes, fares, newspapers. The prices 
are obtained from retailers and public announcements, They 
do not affect the general figure very greatly. The percentages 
of increase are averaged and worked into a weighted average 
on the fixed base principle. 

A Combined Weighted Average of the five groups is then 
calculated, the weights used being : Food. 7J ; Rent and 
Rates, 2; Clothing, lj ; Fuel and Light. 1 ; Other Items, )» 
t.e. the percentage increase for oat h group i » multiplied by the 
stated weight, the product# totalled and divide! by 12}, the 
sum of the weight#. The omitted items are so small that they 
would not affect the general average appreciably (see p. 1 04). 

III. Waok Statistics 

The principal statistics of wages are those published monthly 
by the Ministry of Labour in the l/ihour Oazette> and annually 
in the Abstract of Udnmr $tntixtics for the United Kingdom. Below 
are the more imjKirtant matters covered ;— 

(1) Principal changes in niters of wages published month 
by month. This table gives detailed particulars of increases 
and decrease# in rates of pay in each industry and district in 
the United Kingdom ; the date from which the change took 
effect and the classes of workpeople affected. 

(2) The above data are used to present an annual summary 
showing for a series of years : (a) The nmnlxT of individuals 
who have Iwen affected by wage change#, separating those 
who have hod increases and decreases respectively. (6) The 
estimated net weekly amount of change (increase and decrease 
separately) caused by the alterations in rates paid. 

(3) The weekly amounts of change in wages due to rare 
changes but analysed according to the met last under w hich the 
changes took place, viz.: (*?) By Mediation or Arbitration; 
(/>) under Sliding Scales governed by (ij Cost of Living , 
(ri) .Selling Prices or Proceeds of Industry ; (r) by Joint Standing 
Commit tow ; [d) by Direct Negotiation. The table is prepared 
in sections for different groups of industry. 

(4) A comprehensive table showing the relative level of 
wages for adult workers in a large number of industries, and 
in many eases giving this information for each grade of 
occupation separately. 
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The Ministry of Labour Index is based upon changes in rates 
of wages in 32 industries using a weighted average for each date, 
expressed m a percentage of tbe average* for 1924, The Index 
represents the average percentage increase in weekly full-time 
wages generally compared with July 1914, 

In addition to the above, rejxwts on general inquiries into 
wage* and earning* have been given, showing, for a very eompro- 
henaivo list of industries, the average weekly earning* of work¬ 
people. Separate lists deal with male and female worker*’ 
earnings. The reports art* based on returns made voluntarily, 
but are regarded m reasonably representative of average earning*. 

IV. Statistics or Ttudk 

The External Trade of the United Kingdom. ~ St at isth* are 
published officially by the Hoard of Trade. They are burned in 
considerable detail monthly, and .summarised in a bulky publica¬ 
tion entitled A nnual Statement of the Trad* of the United Kintfdorn t 
in four volumes. The information i# as follow** :. 

(a) Conwnxlilies imported and rn-exjiortod. 

(b) ( oru modi tie* classified by countries of Consignment. 

(c) Exports classified by countries. 

(d) Trade with each country, and the ex {torts and import* at 
each port. 

Quantities and values are given. In connection with the 
latter it should lx; observe! that export* are based on free on 
board (f.o.b,) values; import* values include cost, insurance and 
freight (<>.. c.i.f. values). 

The Statistical Abstract for the United Kingdom, issued annually 
in August, give* exhaustive statistic* of trade and shipping, ami 
detailed commodity reports, and should be consulted by all 
students ha a guide to method* of constructing tabulations. 

The primary data for these statistics im; obtained ; {«) For 
Exports, from the statement of quantity and value compulsorily 
supplied by exporters to the customs officers. Ships ore f>emuttod 
to leave port only when all cargo on board has been m accounted 
for or 41 cleared/’ (b) For ImportUa, from form* completed before 
good* are passed through the customs, is. before they are handled 
or an? assessed for duty. If price* include delivery charges, the 
value is adjuster! for the trade statistics. 

The following facts should be noted :— 

Goods landed “ in bond ” and transhipped at tbe same, or 
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another port, are excluded from above totals, but are included 
in the total of “general ** imports and exjmrta. 

Good# landed, which are eventually hhipjnxl again, arc declared 
as of foreign or colonial origin, and fall into a separate total of 
“ goods for re-exportation/’ and their values am usually greater 
by the costs of landing ami handling in this country. 

Goods for use* or consumption in the United Kingdom, and 
exported goods which have been pnnluced or in any way processed 
in the country am scheduled under *' Special Imports and 
Exports." 

Statistics of commodities nro classified under the following 
headings for bofh imports and exports : * 

(i) Food, rirink and tobacco, 

(ii) Haw materials and materials mainly unmanufactured. 
(Articles which are the finished product of one process or 
industry and lieconte the raw material of another process of 
manufacture. eg. pig iron, yarn, refined oils, etc., am not 
included here, hut are classified in the group :».) 

(iii) Articles wholly or mainly manufactured, 

(iv) Unclassified. 

Index Xumhtf.i of Volume rind .1 n-nujf Valor of External 
Trade are published quarterly in the Hoard of Tradt Journal . 
The base year is 1030. 

Bnlantr <f Eivjmrnl* of tin t nitrd Kingdom. -The Hoard of 
Trade gives an annual estimate of the country's balance of trade, 
taking into account " invisible ’* exports and imports, i.e. those 
items which are not export,* and imports of tangible goods dealt 
with in the trade statistics already described. 

Examples of fnrisihtr. Export* are . (<i) shipping sendees. 

(/>) investments and loans abroad, {r) commissions earned from 
person* abroad (on acceptance credits, bill discounting, insurant‘s, 
brokering, etc.) and (d) Government stir vices and loan* abroad for 
which payment is made to the Government.. 

Examples of Invisible Imports are similar to those given for 
invisible exports, but in the reverse direction, t.g. interest payable 
abroad on loans received from other countries, services rendered 
by persons abroad. 

There is an Annual Statement in the Board of Trode Journal 
of (a) the Visible Trade Balance, (/>) the Balance of Payments, 
which includes the invisible exerts and imports referred to above. 
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The title i# "'Balance of Credits ain] Dehits in the TwtMWftitfti 
(other than the lending and repayment of capital) between the 
United Kingdom and ail Other Countries/’ 

Statistics of Internal Trade.— No comprehensive continuous 
statistics are published, but a monthly Statement of Kotnil Trade 
showing percentage comparisons of sales at Milting values and 
stocks at cost with the same mouth of the preceding year, am 
published in the Board of Truth Journal find t ho Bunk of England's 
Monthly SUtlitUcal Summary, Thev an* prepared from statisfieH 
of certain multiple retailers, departmental stores and m-operativc 
stores. This index shows the change in aggregate \aluo of retail 
sales for Croat Britain as a whole, and for five geographical 
division*. 

V. Finasck 

The leading hanks publish lirunu ial statistirs in their Monthly 
Hcvieu#. Monthly returns of ' < Jenrings " by U»« J#oridon 
Clearing Banks are published, as are cheque clearings in lamdon 
and provincial centre*. 

The Bank of England Upturn up (awn* every Thursday in the 
daily papers. 

Various index numbers relating to Stock Exchange price levels 
sue published, e.g. Banin rs r Magazine huhjt : calculated from 
total market \ alucs of about 39U securities; base Denuuhcr 1921 ; 
ArtvnrifA* huhs S'uwhtrs, the geometric mean of price ratios of 
310 securities expressed as a |*rn outage of l**<rmber 1928. 
Middle market prices in London Othri/il lasts an; used; the 
Financial X*n\s pu hi is litis a daily index; the Financial Titnc# t 
a weekly and monthly index ; the Tnn.sh/r* t'hrimicU , a monthly 
index booed on 17b ({notations in live groups, 

Valuable statistics relating to Bank Clearings, Treasury Bills, 
Money Bates, New Capital Issues, and index liiimlierti of prices 
of stock* and shares arc published by the London and Cambridge 
Economic Service. in the form shown in Figs, Mi and 07, reproduced 
by kind jfernii^ion from their Monthly Bulletin issuer I in April 
1930. 

VI. PUOLUTTJON 

The Statistical Abstract con tains statistics a* to the amount of 
land in use, and the yield year by year of various crops, Imacd on 
data collected by the Ministry of Agriculture and Fisheries. 
Annua) Agricultural Statistic# are publisher) separately. The 
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Reports of the Mines Department give* statistics of the quantity 
and value of output of coal, copper. lead, tin, xine and other 
metals. These are also summarised in the Statistical Abstract. 
The Textile Trades statistics are published in various trade 
journals. Wool statist ion are published bv the Bradford Chamber 
of Comment. Annual Report-.* and publicit y statistics of various 
Ibiblie Authorities (Water, Electricity and Gas) contain useful 
statistics, as do the Reports of the various Marketing Boards, e,g. 
Potatoes, Pig and Milk Boards. 

The Census of Production. —The official census conducted by 
the Board of Trade is limited to manufacturing industries, mining 
ami quarrying. building, productive work of public utility under 
takings, local authorities and Government Departments. 

Censuses were taken in 1907. 1912, 1924 and 1930. 

The following explanatory observations, chiefly rebiting to the 
1930 Census, should U* noted .— 

(u) Small businesses employing not more than ten (leraon* 
were excluded. 

(/>) Goods wold in the same condition as receive! were 
excluded, 

(<) The value of the output represents net selling value as 
packed ready for sale of goods deliverer! in the census year, 
plus stock on hand at the end of the year, less slock at the 
beginning of the year. Excluder! from the amounts 
invoiced were: discounts, carriage outwards, pocking 
eases returnable. For work done “on commission” or 
u for the trade, 1 " only the price for doing the work was 
included as “ output." 

(d) Materials used includes] materials purchased for use in 
production, including all fuel* gas, electricity, and oil, 
packing and workshop materials, and materials used for 
repairs to plant and buildings. 

(<?) Net output consisted of gross output, less total coat of 
materials used and of work done for the producer by 
outside firms. It represents the total out of which all 
wages, expenses and profits have to he provided. The net 
output total represents therefore the value added to 
materials by manufacture, thereby preventing duplication 

. - i « t til * * 4 . - *r .. 
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Preliminary Report a. Example* of the? type of statistics published 
are :— 

Principal Product'& of hid urine*, showing quantities and values, 
average trolling prices, amounts exported. imports! unci held for 
consumption in the United Kingdom. 

Cori of MnhrutU ( \W. and the value of the Net Output (»« 
deli noil above) by industries : also the value id net annual output 
per pc ram employed. 

Employed Person* in each industry, tabulated to show 
separately : (a) operatives, (A) administrative, technical and 

clerical staff, in each ease classified as to males and females, 
under eighteen, and all ages. 

Mechanical Pouur is tabulated to show the total horse*powor 
of prime movers and elertrinty (generated mid purchased separ¬ 
ately), and the total kilowatts provided by electric generators. 

A Summarised Tabulation of all the above detailed statistic* 
for each industry is prepared, giving the comparative figures fur 
tht? previous census >ear. 

Indices of Production. 

The Hoard of Trade hobs of Industrial Production ^'This 
index relates to the net output of the principal industries, “net 
output" being the execs** of the gross value of the production 
over the cost value of materials used in their nmiiufiudurc. The 
year MKJo is now used as the Imim 1 , instead of 1024. 

Weights an* used namely, a weight pro|H»rtionate formerly 
to the net output ascertained for 1024. but (since 1934) that for 

Information for the compilation is obtained from official 
returns, together with data as to production and wages jwiid 
obtained from various truth* associations and federations, trade 
Palau’s and individual linns. 

The London and ('<tada oLp Let >n tunic Sender Index of Physical 
Volume of VrmhictioH. -The annual index is on the ha.se 1924 
100. a separate index being compiled for the following groujw ;. 

(1) Agriculture (excluded in the Board of Trade Index) ; 

(2) Minerals ; (3) Iron. Steel. Engineering and Shipbuilding: 

(4) Non-ferrous Metal Trades; (5) Textiles; (ti) Food, Drink 

and Tobacco i (7) Chemical and Allied Trades; (8) Paper* 

Printing, cU\; (9) Leather Trade; (H>) Hubt>er Trade; 

(II) Building ami Contracting. 
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The weights used are numbers jiroportional to the net output 
as indicated by the 1924 Census of Product-ton. 

A combined index number covering all groups is included. 

A quarterly index on the same hues in also calculated. (See 
Figs. 93 and 94.) 

I nttrnntiomd Indite* of I*r**I action have been prepared by 
the League of Nations Economic Intelligence Sendee and pub 
fished by that body in Memoranda of Production anti Trade. 
These, and other statist ic.s relating u» industry which the league 
prepares, w ill no doubt become of increasing importance ow ing to 
the facilities afforded to the league bv many countries. 

N' I 1. TU ANSrx *KT 

Shipping. 

The Annuo} StoU-uu.nl of Son*.to!ion and Shipping* published 
by the Board of Trade, gives detailed statistics for the United 
Kingdom. The Statistical Abstract. KumnmriMvs all these, 
stat i*ti« v. 

Shipping Knfnul. A ship’s pu)>ers must pntd viced showing : 
(a) from where she has come, ( ; 0 where she hist broke bulk; 
(r) the cargo carried ; id) the ship's tonnage. Every ship entering 
n port is recorded as " arrived ,T (excepting when entering for 
.shelter). 

Shipping < Voim/. A ship departing must 41 clear M from the 
jsirt hv producing tl*e ship’s pajior*, showing destination and 
tonnage, and details as to quantify and value of all cargo have 
been declared. 

Separate statistics of steam- and sailing-ships are prepared; 
also of foreign and coastwise. 

Tonnage in British shipping statistics means the registered net 
tonnage. Tins is the gross tonnage (vi/.. the number of ° UH» 
cubic feet ” contained in a ship) less the space roccupied by 
engines, bunkers, quarters, etc. its. non cargo carrying space). 
Registered net tonnage is thus the ton measurement cargo carrying 
cAjiarity of the ship, A ship ton is HH) cubic feet im^iKx tive of 
weight. 

It should W noticed that displacement tonnage and dead- 
weight (or burden) tonnage do not enter into official statistics, 

The Chamfxr of Shipping Index, published in the SUiUrt 
monthly, is the geometric average of freight change on 21 
routes, given as a percentage of 1920. 
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The Economic Freight Index is the arithmetic average of 
six regional groujm of shipping freights based ori 28 items, and 
is given as a f percentage of 1808-Hi 13 average. 

Useful statistics are published by the PortofLondon Authority, 
and the Mersey Docks and Harbour Boards. 

Railway Statistics. -The Ministry of Transport issues annually 
Railway Statistic *; Railvxiy Comptmits (A7/ijff), together with a 
monthly report on traffic earnings, operation, and the quantity 
of selected cLuhch of goods curried. Excellent statistical reports 
are published, including graphs, by the bmdon Passenger Trans- 
jxjrt Board. 

Ton miles whic h are recorded are obtained by multiplying 
the number of tons in each consignment by the number of miles 
each is carried, Wagon-miles equals the number of wagons x 
number of miles run. Train miles is the aggregate miles run ; 
engine-hours is the aggregate running hours excluding shunting. 

VIII. Employment and Unemployment 

The Ministry of Labour Gazette publishes monthly statistics of 
employment and unemployment, based on national unemploy¬ 
ment insurance data and employers'* returns, voluntarily made. 

The statistics of workpeople employed do not comprise all 
employed, blit only those included in the returns received. 

Previous records uuumhI from 1803 to 1927 in the fstbour 
(hurtle were bastsl on returns by Trade Unions. 

The Unemployment Statistic* arc chiefly based on the returns 
from Employment Exchanges operated under the Unemployment 
Insurance Acts. The numbers include insured persons so 
registering at the Employment Exchanges, plus any whose 
^Unemployment books ” have remained lodged, but of whom 
no information os to whereabouts is known (these are only eo 
counted for a period of two months). Any unemployed dis- 
qualifuHl by trade dispute regulations and sickness are excluded. 
Alan excluded (since January 1928) are persona aged flo and over, 
these Wing no longer insurable persons. 

Monthly liguros are also published by the Ministry of Labour, 
showing the total numWr of applicants far employment registered 
by the Employment Exchanges. 

Index numbers of (a) insured persons, (fr) employed insured 
persons in each of 100 industries as a {percentage of 1023 are 
published annually. 
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In reading the two seta of statistics referred to above* the 
distinction must be noticed as to the meaning of *' unemployed 
person/ 1 In the first set only insured person# are included ; 
in the second others may be included. For the form in which 
the detailed statistics are published the Ministry of 1 m bout 
Gazelle should lx* inspected, 

IX. Overseas Stvn sties 

Data relating to Foreign Countries. -Official Statistics are 
published by all the principal countries. 

Much valuable data and statwticA, including many of a com¬ 
parative nature between countries, art* published by the League 
of Nations and the International Labour Office. A Monthly 
Bulletin of S(atidies and the Statistical Ymr Hook i* issued hv the 
league. 

The Statistical Year Book gives statistics concerning labour 
conditions, movement of population. internalional trade, pro- 
duet ion. prices and public finance. 

The Monthly Bulletin of Stalin on contains tables, graph** and 
comment a; and the statistics, collated from indicated sources, 
deal with imports and exports, production, freight, prices and 
exchange rates, unemployment. 

The publications of the International Labour Office are numer¬ 
ous*, but the Year Book . and the / nXtrnaltonal Labour Review t 
which deals with employment and unemployment, wages move¬ 
ments, retail prices and the cost of living, must be specially 
mentioned. 

A SUitutiml Summary <f the Mineral Industry of the British 
Empire and Foreign Countries is published annually by tho 
Imperial Institute. 

Comparable Wholesale Price Index Xumlnr* for Ekmsn Countries 
are published quarterly bv the Lmdott and Cambridge Economic 
Service, based on prices obtained from the International Institute 
of Statistics (The Hague) and oilier sources. The prices used 
are those of 16 foodstuffs and 19 raw materials. 


Questions 

1. Give an account of the official method of measuring changes in 
the retail prices of working clans " necessaries of Life," (Ixmdon 
Chamber of Commerce .) 
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t. Explain what in meant by the following term* : (a) Unemployed 
person, (&) Import**. (c) Bww Materials and Articles mainly on- 
mami/at turwl. (d) Shipping untemi and * bared with cargoes. (I Am don 
Chamber of ( rmmerer ) 

3, lh*<u** the importance of exact definition in Mfatisties. 
Illustrate your answer hy refcreuee to either: {a ) Occupation ai 
{Slatiatio, or (h) Slatistic* of the* Balance of Trade. (London Chamfer 
of (.'iwumret ) 

4 Show* how the jur capita consumption of commodities can be 
UMal to help ifi sales inventigations. ( London (loin Jut of Commerce.) 

5, Explain and illustrate the meaning of index numliers. Show 
the convenience which may result from their use. What s]x»eiaj 
problems are presented by the determination and employment of 
index Nundiers of the Cost of Living f {London Chamber of 
Corn merer.) 

0. What are the chief amines of information regarding the quantity 
and value of British iniftorhs and exerts/ YVhut difficulties are 
encountered in the interpretation ot «mb data { (Lutobm Chamber of 
(\mrm* ret .) 

7, What help in sales investigatiou* would you r\jir« f to obtain : 
(ft) from the Census Bet urns { {b) from Family Budget Investigation* ' 
[Lirtidon C/itimbvr of Cornmt rv* ) 

H. (Jive some uecnuiH of the British official statistics relating to 
f ransjmrt, { Lortd‘ m t 'bimbtr if ('tanno o *. I 

lb Sketch the l»ne» on which urn would protsvd to prepare an 
Index NumUx of the Cost of Living, i InowponiPd Accountant *,) 

10 flow would \ou M*t uhutil constructing an Index of General 
Business Conditions in Britain * 

Explain what you would include as Mgniticani, where you would 
get your data, and what line could U* made of the Index when con- 
sfructed. (CttrjHth/firrH of Aceitunhint* ) 

II. What offend statistics exist in Britain for the measurement of 
the results of the productive aetivifv of the nation from vear to Year t 
Wh at uses have they for the business community : {Corporation of 
Accountant *.) 

12 Gi\** a* exact « delimiion as possible of the term “east of 
living/' llow far ran the change in the eosr of living lx* measured over 
a period in which there have Unit considerable modifications of diet or 
other change* in consumption of non^sary commodities ? {Corjtomtion 

of Accountant.*.) 

13, Give the history and the method* of the British Census of 
lYndurtiou. What im m can l»e made of such results by fa) the Chan¬ 
cellor of the Exchequer, and \b\ the industrialist f [Corporation of 
Accountant*.) 

14. What statistical data would you require and where would 3 am 
get them in order to descriln* comparative costs U’twwn two compoting 
countries* [Corporation of Accountant*.) 

L>. Why is the geometric mean used hi the construction of index 
numUrs *»t wholesale prices ? (I nion of Lnncashint and ( keshirt. 
ivuUilut**,) 
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16 . Give » noneiw amount of the eon*trurth»n of the Owl of Living 
Index ftt jirroeiit in use. What vritinsm* * hu be made of thin Index 
ns a measure of change* in the fwwt-W u* condition of the working- 
eliMea ? To w hat extern, in your opinion. an- thebe defu ieneww likely 
to be removed in the cunslnniion nf the new Index for which data art* 
now U'ing collected i X . 1. J).) 

17. I lew*, ri be in detail une. and old;, om . ofthe following — 

{*} the Board of Trade index-number of wholesale prices; up the 
Kariiiug* and Hour,- Knquiri<- of the. Ministry o! Labour; {iil» the 
HtHliKtiejt of unemployment published in the MthnOy "f labour trfusJt?, 

i.WA.Ui.O.) 

is, Wide ti brief iiitount of two (.tod onh two'; of the following ; 
ti] the ( «*i*aU- of Prediction mo tie* ( eune* »d Pttjml.M jon; {up the 
Board of Trade Index Number of Wholesale Pines; itv) the Ministry 
of Labour Index XnnrG r of tie 1 toM <*} Living, ji) the Petivnlage of 
Insured Person*- I'nempioyrd i .\ A 

Pd \\ hut an iiub x number-. and tor what puiqiosc* are they mud } 
Give your a tim* •-:■>* »o.n 4 -*eiy and illiMrutt \«>w *tatemrnts In ^sample.* 
of index-numUT!' in .otiul loe. « k V..I ,/./r (>.■ 
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PUKTHKR TYPES OF OKAPIIS AND FORMS 

1*1:IE method of constructing various graphic charts has 
already been dealt with in an earlier chapter, and now several 
type# not described then) svill considered, together with some 
suggested forms of useful business tabular statements. 

Frequency Polygon. roup* of data wen; shown in Fig. r>« 
in the form of a Histogram or staircase chart, in which the amis of 
rectangles drawn are proportional to the data recorded. 

The name data may lie drawn as a Frequency Polygon in 



<-*«• »'»*» ».**•*■ 


Fio. 5IH.” A Kurqcicvv IVlvgon mmowixo tier. Fjmsqc*mcy thsuraiatmos 
ov So.im* or Ouiacns takrn dy Salk* I^KJvvnruKNT, 

which the. idea of area is ignored. Points are plotted over the 
centres of the group intervals at distances proportional to the 
frequencies and then the points are connected by straight lines. 

Thus, using the same data as for Fig. 56 a Frequency Polygon 
may lie constructed as shown in Fig. 98. 

The Frequency Polygon is useful for comparative purposes, as 
two or more can be plotted on the same chart. Unlike the 
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Histogram, it cannot be wised for data tubulated by unequal 
interval*, and it m al*o more difficult to smooth. In smoothing 
care must be taken to ensure that the total area of the curve in 
equal to that of the plotted polygon. 

Ogives or Cumulative Frequency Charts.—Tin? number* of onions 
shoe'll in the data for Fig. 50 may lie totalled cumulatively. The 
totals would l>e 1*. 36, fcl, 135.177, 207, 210 and may bo read thus 
Orders under 4*. totalled 9 
„ fa. a« 

„ 8<\ .. SI and *o on. 

These totals an' plotted in Fig. 00 and the dotted line shows 
how the curve may Ik* Huoothod, 
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FlO. nil..OttlVE OR CVMVMTlVt; Kw.V.y» KM'V ♦ »UUT MS THK HaMR 

Data a* That l'*•»»» K/r the. i,s.. r }><>lyu<jn i* Fie. * M , 

It will be apparent no difficulty is caused by inequalities in 
the group intervals and the ogive curve moves more regularly 
than that of the polygon curve. 

Comparative Frequency Distributions are lw».st shown by 
plotting the data on a percentage or per mi lie basis. Either the 
Frequency Polygon or the Ogive form may lie used. See Fig«. 
101 f 102 awl 103 based on data in Fig. HK>. 

Probability Charts.—Many fact* in huKtmw* follow a curve of 
frequency which is symmetrical in it* direction. The curve 
plotted on ordinary ordinate paper takes the belbahape, Now, 
it is possible to obtain .spec ially ruled Probability Paper, and if the 
same data are plotted on thia, the result i« a straight line. Only a 
small numkr of points need be plotted, ami for the purpose of 
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fumbling probable results beyond reeordrd figures this lino ear 
l»o extended with tin? great probability that the extension wil 
corn\sjK»nd with the farts to he ivseertained later. 

'(’here are many uses to whit h this can be put. of which tin 
follow ing are examples * - 

(I) The probable perrentagc of various sizes of eredil 
aeeounts or orders will become had debts, 

(i!) Probable number of buyers af a store say on ‘'.Sale-days/ 

(3) Probable results of an advertising sc heme, 

(4) Amount of reserves to Ik* created to meet probable 
conditions (<v/, of money, stocks, etc.). 
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The Zee Chart (or Z curve**) k m called because it consist* of 
throe curves which somewhat resemble the letter Z. The curves 
plotted are (as shown below):— 
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(i) A curve of the original data (e.g. sales values or production 
quantities etc.). 

(ii) A curve of the cumulative data. 

(in) A moving total curve, which is plotted from a moving 
annual total if the data arc monthly, 28-days, or weekly figures, 
or from a moving monthly total if the data are daily figure*. 

The scales used for the cumulative and moving total figures 
am usually about five or ten times that of the original data, to 
preserve proportions. With weekly figures the cumulative scale 
is better if twenty times the weekly scale. 

The plotted curves. When two or more Zee Charts plotted for 
successive years are placed side by side the monthly and moving 
total curves res {natively apj>ear continuous from one chart to the 
next. 

The cumulative curve always meets the moving total curve 
at end of each year. 

The procedure is shown in Figs. lo4 and lo5. 

f nt*rjmtation .—The heavy line in Fig. 105 shows the actual 
monthly figures and the fluctuat ions of a seasonal nature are seen. 
The cumulative curve, which is plotted month by month shows 
whether the year's sakm total to date is more or less than that of 
the previous year. The moving average curve shows the trend 
both month by month and year bv year. 

The Gallon Graph. —This graph, devised by Professor Francis 
Gabon, is a practical means of determining the ratio of variation 
lie tween two variables over a (teriod of time, and is particularly 
useful when oscillating deviations are not all regular. For 
instance, the movement of, say, price, may be greater than that 
of supply. When considering correlation <>f twu such variables 
the ratio of variation can be calculated by taking the deviation of 
the relative items (the supply) from the mt?an at each date and 
dividing this by the corresponding deviation of the subject (the 
price); the quotient* thus obtained w hen added together and 
divided by the nuinlicr of quotients, gives the desired ratio. 

If a graph, a* described below , is prepared a value of the 
ratio of variation is also obtainable by measuring the angle 
bet ween a vertical line from the bam' line and the line of regression, 
i.r. Ratio of Variation ** tan of the angle. 

Instead of arithmetic calculation a Gal ton Graph may be 
used thus ~ 




FURTHER TYPES OF GRAPHS AND FORMS 1M 

(1) Convert the eerie* of date into a serin* of index number*, 
using the average of the item* a* the baee (i.c, divide each 
Hem by the average multiplied by 100), 

(2) Plot the indict** of the subject on the vertical ncale. 

(3) Wot the indices of the relative on the horizontal wale, 

(4 ) The points. although probably widely Hciittcred. will 
show more or lew* a* a band naming up toward* the right on the 
chart, I*raw a line following the general trend a* judged by 
the eye, but keeping an cn^ual numlw of punt* on either aide 
of the line, and a* nearly as possible equidistant from it. 

Emmjdt. Indices, allowing one year's lag lief ween manu¬ 
factures and raw material production (hvjKithetieul data), shown 
in Fig. 100 are plotted on the graph in Fig. 107. 

Reading the Galton Graph. 

(tf) With jwrfeef correlation every fniint would lie on a 
straight line (or on a well-defined curve when a lag exists 
fart ween the series). 

(b) If the line slojx s to the left downward, the correlation ih 
direct. 

(c) If it i-lo;|>es to the right downward, the correlation is 
in ? er># , 

(ti) If both series change by the same jxwentago. c.$. both 
increase or deertaise by 3 per cent., ttie ratio of variation 
is obviously unity, mid will 1 h* shown by the fact that ihn 
points plotted will so lie that the line drawn slope* at 
45 — ».f. a line of equal proportional variation. 

(e) When the relative change* less pro|H>rtionaUdy than the 
subject, there will Ik* a different angle less than 45 per 
cent., and the line drawn is called the Line of Regression. 
The wider the divergence of the line of regression from the 
line at 45 the km the correlation, and rke rersvi. 

(f) For reliability a large number of jxant* should be plotted. 

(g) When one series is affected by the other, my the following 
year (i.t. a lag of one year), the first series should commence 
on© year later to allow for the tag, a* shown in Fig. I Off. 

(A) To find the ratio of variation draw at any point a hori¬ 
zontal line which cut* through the line of regression, then 
the distant?© from the regression lim* iiiteinection {<') to 
the ordinate axis ( H), divided by the distance on tlm 
graph from A to H (the point where the vtytmmhm line 
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reaehee the ortlumKs axia) gives the required ratio of 
variation. In the graph (Fig. 107) IiV » 55, BA ^ 75 

*>5 

ami the ratio of variation m therefore ' ■ v. 0-73. Thin 

75 

in forma m that for every change of 1 per cent, in the 
subject the relative tern la to change o 73 per cent. 

The difference lietwoen the ratio and unity (i.r. 10 ^3 
o 27) i* railed the Ratio ot Regression. 

Statistical Be .nines* limners 

Tabulated Business Reports, -in view of the find that the 
general procedure F«»r the preparation of tabulated statement* 
ha* been dealt with in an earlier chapter, and the arrangement 
of statistical rej»orts for particular purjioses is a matter for 
j»erwoiud decision furl her dcscript ion v* «m>m*siv!irv- The skeleton 
forms and suggestions for reports* uhi«h follow will he found mi it* 
able for many kinds of business concerns. 

The analysis of the financial position of a business us shown 
by the comparative hakim e sheet. rjj. Fig. Ion, should include 
a report on *- 

(a) The ratio of current asset.-* to current liabilities, which 
give* a measure* of the financial strength of the htiMimw# 
when review<d with oth.cr financial and trading facta, 
particular!) the relationship 1*1 worn sales. sundry 
debtor?*, and sU#*ks. 

(/») 'idie ratio tx'twcen net worth (usually the capital account 
in a private business and (i) total liabilities and (h) fixed 
assets, 

(c) The percent ago grew- profit and net profit on sale*. together 
with comparative figures, a#, shown in Fig. 100. 

(d) The comparative gras* profit earned, by products or 
departments; and the general expenses and net profits 
of the business. A convenient form is given in Fig. 110. 

For Management Purposes jerrerdag** or ratios should be 
calculated at regular convenient intervals to show :— 

The return on capital. 

The ratio of exjumses to sale*. 

The stock turnover. 

The turnover of trade debtors. 



ir-? Siotrmfnf of Finanttrf 
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Botnetimnt **<^Mimti ly totalled »* “ Intangible .U«p^. ! ’ t IVt-r^a«?i» umialiy i*tib*red in rid 

I'tO lus.- TaJU.V *M<»WINO (V.KfAiUIiVC An IT vs, 1-UAN:!.*!. |\>HlTfU?f «•* A Ht'SINKsb*. 
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These are required in addition to the various statement* to 
a manufacturing business > to allow the cftieienck* of labour (see 
Fig. 5), machines and production. 

Production management may be well served with Gantt 
Chart* (see Figs. 27. 28). When applied to labour the chart 
shows bow far towards the fullest advantage use ha#* been made 
of each worker; and by suit able ay in bole delays, lost time and 
the reasons therefor can be indicated. Applied to machine 
times and output, every stoppage or delay can lie similarly 
indicated. Markings can lx* inserted to show starting times, 
achedulod finishing times, the causes of stoppages. the actual 
output as compared w ith the wheel tiled (Fig. 2H). Similarly 
machine layouts, loads anti progress of production can lie easily 
charted and kepi under review. 

Sales Analyses. («} Comparisons of Monetary Values and 
Quantities. Then? an* imjxulant statistics. When prices of 
articles are increasing with the fall in the purchasing j»ower of 
money, it will U* apparent that if the total value of sides is 
maintained at a stationary level, the quantity of article* sold 
will !>e loss. To show progress, quantities sold would have to 
increase as well as turnover in value. The easiest wav to review 
this comparison is by u chart on which arc plotted curves for 
sales values and sales quantities, using two scales lor the vertical 
readings so arranged that, the unit wilueof a unit quantity are 
each represented hy the same vertical distance. The relative 
movements of the two curves thus shown will give a proper 
comparison arid a clear indication of the trading jmsition. Thu 
money values may lie shown on the left side of the chart, the 
quantities (weight, numbers, etc.) on the right, and the dates or 
periods on the horizontal axis. 

(h) Comparison between Sales and Purchase can \w effectively 
shown on a graph as a means of keeping a check on the stock 
position. 

(r) Salesmen's Calls and Orders* —The numlier of rails made 
and the numl>er of orders taken hy each salesman may he plotted 
on a ratio-ruled chart. The ratio of orders to calls made should 
usually tend to increase in « progressive business. 

Similarly the value of business secured hy salesmen should lie 
plotted as a curve on ratio-ruled paper, to obtain a proj#?r 
indication of the trend of each man's selling results. 

When a quota has been set for a sales manager or aalesman. 



BUSINESS STATISTICS 


193 


Cumparotitt Summary of Jttevenur and Expenditure 


Detail*. A - *** 

\ car. 

Thi* 

Year. 

Increase j 
or 

Dccruuw, 

O) ; (fc) (r) 

(d) : (0 

(/) i (?) ; 

£ % 

Grow# Sale* , , . *j 

Lena KeiuniM and allowimetiH . : 

£ % 

| 

£ ! % | 

i I 

1 i 

i—.... 

Not Sale* . . , . j j 

Lts* Prime Cost of Sale* * .1 


i I 
■ 1 
< i 

Gross JVoftt on Buie* . . . j 

1 Lr*s Selling Kxp'nws . j j 


\ \ 

!sut* General Ks|*»*vihc*m 1 j 

' 


i . . . 

N*d Pr«»tit on Hales . . ! 

j Add Other Income (net) . . j 

1 . i ! 

! ! i 

; 

i ■ 

! 1 
: | 

i Net Income . j 

: he*$ Fixed (.‘barge* . . j 


1 ! 

: Add Balance brought forward from ! 

Ia*l year , ; ! 

! 

■ i 

' Amount available , ; 


, s 

Proposed approprmt i«m , 

Transfer to KehervcH 
' Dividends (net) 

| Income Tax . . . , 

| To carry forward 

f 

\ j 

...._j. ! 

, 





* In tt manufacturing Iiiwiihw th»» would be sublet to deduction also 
of 41 Work* KxpeiiHC*,'* h* u«* *ub**tinito the word* " Production Cost." 

S.H. (1) When only one type of product is sold on additional entry* 
vi*. "Quantity Sold ” may tie made to report the number of unite aold 
in both vears; if more than one type a separate report t« better. 

(2* The upper jmrt nmy be presented an a monthly (or other period) 
report. 

Fiu„ loth -A Tutu*: uivino Usirrtx Information roit ManaOemcnt Penroftim. 
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the extent to which result* fall short of, or except, the quote may 
be usefully tthown by drawing a line horizontal to the bee*? line 
at the quote level on the vertical scale, ami plotting the actual 
results. When the curve falls below the quota line, the fact that 
«&ka have not reached the scheduled figure will be readily 
»een. 

Useful Information which may bo the subject of sUtuttical 
reports, either graphical or tabular -. 

Adtrrtising. 

{a ) The relation lietwecn inquiries and order# shown on a 
ratio chart. A drop in effective order# mav he due to 
unsatisfactory advertising, or to inefficient handling of 
inquiries, 

(ft) The relation I* tween adverUstng and sales. A ratio chart 
servo 0* measuiv the otfeetivcucoK of the advertising. 

(r j The probable sales result, of an advertising campaign may 
l*e estimated h\ use of a trend chart on probability paper. 

*Snhtt fh pa rtm 4' nf. 

(«) <V>m punitive sales of department* or product*. 

(M i'oinpuriMiii Iw’tween actiml wiles and the sales quota, 
such as for total sales, departmental sales. individtifd 
areas, individual travellers, 

(c) Travellers’ Ke|*orts, shown on charts or by tcthlofi, viz. 
calls made, order* taken, value and number, prowpeelive 
orders, average cost jki order, or jKoenf age cost, ratio 
of order# to calls, 

(d) C omparative distribution of wiles for several yearn, as 
shown In a simple frequency chart, or a cumulative 
frequency chart (ogive). 

(<?) A Zee ( hart for annual salt'# show* at a glance (i) how wale#* 
are progressing weak by week, or month by month, etc.; 
(»i) how the cumulative yearly jierfonnanre to date 
compare# with that of the preceding year or year*; 
(iii) the progress of sales upon an annual hash* with the 
seasonal fluctuation# eliminated (set 4 Fig. 105). 

(/) Trend charts can )>c used for forecasting and re\ iewing the 
long jieriod indications. 

(g) Comparative saleo totals, gross and net profits, os shown, 
for instance in Figs. 101# and I lo. 
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• The comparative figure may he the profiling month of the* same year in some instances, 

Kw.110 .—ATabue anrrso Cerate* Hattve Moxtbiv Tkaui vo Results. avi> the ttjrrunvB Comparative Fhurek roam Ykaju 















Further types of graphs and forms m 

Debt Cotlectkm Management. 

[a) Chart showing deliveries invoiced to customers and the 
payments received. For important customers a separate 
chart can he used. 

(ty Efficiency of department as shown by a curve of total 
safes on credit and one of accounts uncollected. On 
ratio paper any rate of increase in uncollected accounts 
would be indicated and cal) for inquiry. 

Purchasing Department. 

(a) The fluctuations and trend in prices of important purchases. 

(/.*) The fMN^ition of deliveries against bulk contract supplies. 

(r) The relationship between Purchases, Stocks and Safes. 


GrKsrioss 

1 Explain briefly and concisely the following : («) Probable Error; 
d») An Array; lc} Ogive; («/}<’conic me Progression; (<) limtorigram. 
(Ixmdon AsvKiatum of ( ‘rrftjod Arsonntanis ) 

2. Prcjuw a form of finamisl statement for suhriiiaainvi to the 
director* of a limited company showing at n glance t he trend of businmi 
during the preceding month. (hmdnn Assonaium of Certified 
Accountant*.} 

3. Define . (a) Histogram ; p>) Historigrani; (c) (Vmtmumw Series; 
(d) Discrete Series. (tendon Association of Certified Accountant*.} 

4. What are the chariot eristic* of t he coefficient of dispersion and in 
what respect* may it W used with advantage? (London A#*oc%atkm 
of Certified Accountant*.) 

5. Give four of the commoner types of diagrams in use and briefly 
explain the advantage* and disadvantage* of each type chosen. 
[London A$*otiahon of Certified Accountant# ) 

6. Using hypothetical figures construct an Ogive, and ntate briefly 
the principal uses of such a curve. ( tendon Atxocialum of Certified 
Accountants.) 

7. The wiles statistic** of a manufacturer show the following 
tonnage* for the past three year*. Bring out in a graph the salient 
characteristics. 
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(Incorporated Accountant* (Final),) 
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8. Define Histogram, Ogive, and Frequency Polygon, (Incor¬ 
porated Accountants (Final).) 

9. Assuming that all the statistics you required were available, 

what figures would you use, and in which way would you use them, 
to determine whether an advertising eamjwiign in the Daily Press of 
an article in daily household use had been planned upon the most 
economic and effective basis 1 (Incorporated Accountant* (Final).) 

10. Draw a hologram showing, on the same basis, the comparative 
wages in 8tales A, B and 0 :— 




j \Vages per Week ($). j 

i 
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Not 



; 

Kswf‘ding. : 

Exceeding. 

A. 

B. 
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( / ncorpimited Accountants (Final).) 

11. (liven the data below. 

how would you compare the iota! 

production in 1907 with that in 1894 i 




Production of Worsted 

i 

I 




IM>4 

1907 

Mean Price, i 



(vanish 

(vard*). 

i 1894 1907 
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(OtK)’*). 

(rf. p*r yard)J 
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.. 
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41 

j 31-7 

■ *• M 
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i 1.043 
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■ 
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i 6,559 

9 4 
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j MM 

Hat to 

. , 

100 

i H9-4 


Total value 


£6,606.900 

i £7.394.000 


Katie 


100 

110-9 
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(Incorporated Accountants r (Final).) 
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12. Graph the following dau in the most effectively comparative 
form 

H’o^i in Stale* A, IS and C\ 


1 Wage* per Week 

Stale A. 

So. <»f 

State It. J 

No. of 

Stntr C. 

No, of 

1 (»)• 

Wage Kamnv, WftgvKanur*. ‘ 

Wage Bamer*. 

| ♦■00-— f*'9$ 

3,784 

16.424 

10.103 

( 6-00— 7 

! 5,025 

24.81*8 

17,170 

; *-oo— om 

13,200 

12,122 

22,061 

! 10 Oft— MM 

17,420 

8.064 

28.402 

12 00- 13S*» 

16.142 

17.220 

3.1,060 

14-00 15*00 

13.240 

35.116 

34,817 

15*00- 17-HO 

10,040 

31.063 

31,450 

14*00 --HKW 

7.064 

17,M2 

24.072 j 

20 00 2HMt 

4,0*42 

12.210 

:mi7 


(Incorporated Accountants {Final).) 

13. From the fallowing details construct a diagram, showing the 

monthly turnover 

of the A, R Co,, Ltd 

, for the three wan* ended 

iJncA'tnbor 31. 102.’* 

; ..... 



1 

1023. 

1024. 

102ft. 1 


i 

£ 

£ 1 

January 

3250 

2400 

2000 

February 

3HHi 

,1*8*0 

! 2M HI 

: Mureh 

3450 

3100 

2000 

i April 

3600 

3300 

2860 

May 

.158(1 

2 HI (0 


: June 

4(88) 

3260 

3(8 Hi 

; July 

4 (H H) 

3300 

! 3660 1 

{ AogVISl 

3000 

3400 

37(8 ( { 

■ Sept.cn d*>r 

4218) 

; 3260 

4<8M) 

! October 

4250 

rtKoo 
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(Umdnn A f.vruititm of Certified Accountant*.) 

14. Define the following terme : Ogive; Frequency Graph ; Index 
Number; Mode; Standard Deviation. (Ixmdon Association of Certified 
Accountants.) 

15. What rulea would you obey in smoothing a frequency {polygon ? 
{Incorporated AcmuntanU {Final).) 

16. What ia a Gallon (Iraph i State how it is constructed ami 
interpreted. {Incorporated Accountant* {Final)A 

17. Draw an illustrative diagram allowing what facta you would 
graph on me chart if you were naked to show monthly thereon, over a 
period of three yearn, the maximum of useful information in regard to 
the sales of one product. {Incorpctrutcd Accountant* !Final}.) 
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18, 

Compute 3* and 5-year 

moving average* for the following 

indexes relating to the period 1910-1920:— 




100, 95, 108, 100, 98, 

106,106,109, 106. «*, 

103. 


Plot the data and both moving average* on the name chart, 

(Building 

Societies institute ) 




Ml 

Draw a graph from the. following figure*, illustrating the dte- 

tribution of sex and age of the population . 
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CHAPTER XXII 

LOGARITHMS AND THKIK USE 


Logarithms Simplify Calculations, If the logarithm* of 
number* am substituted for actual numbers. the todiousnm* of 
multiplication. division, squaring and raising to various power*, 
extracting of square, ruin* and other nwt# is greatly reduced. 

Once the method is understood — and it is quite wimple-- 
logarithmic cukubiturn* «re very easy. 

What are Logarithms? —Natural numbers can he atated n# 
janvers of 10, Logarithms of the numbers are the exponents of 
the jKwers. This will he understood letter front example* :— 


100 r - In 2 themfore the logarithm of loo i* 2 
1000 . I Id „ 1V 1000 in 

10 hd ,i IM in I 

1 T-. Hr .. „ l is 0 

When a mimlKT is less than 1, the logarithm is negative, 
Tims for 

0-001 the logarithm is H 
O tMHH .. , s - 4 

0*01 „ „ 2 

01 .. . I 


It will Ik> seen that the logarithms of the atone n urn Iter* are 
all integral numbers. The logarithm# of all other number# which 
are not multiples of 10 are fractions. 

It will be seen therefore that :— 

For any number between 1 and 10 the log* is tod ween 0 and L 
For any number between 10 and 100 the log is betwwn 1 and 2, 
and m on. 

For any number between 1 and 0 1 the log is between 0 and — L 

• It is usual to write “ logarithm of M n# Jog. Thu# we say 10C> #■* 2, 
and so on. 
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For any number between 0 1 and 0-01 the log is between — 1 
and — 2, and so on. 

Any fractional log is a!miy< treated tis jxwitive, but as a 
number less than 1 ho# a negative log, the log has to be written 
jn such ft way that the fractional part is kept positive. How this 
in done will Ije explained presently. 

How to Write a Logarithm. 

A logarithm consist* of two part* :— 

(tt) An integral number like tin mo quoted above, which is 
called the cfuiracterixtic, which may be - or —. 

(/>) A fractional part calks) the Mantissa, which is always j . 

To illustrate this look for the log of 200 in a table of logarithms. 
We find op|twite the number 200*0 the figures 32,015. Now the 
characteristic of any number is one hss than the number of digits 
to the left of the decimal point. 2<>0 has three digits, therefore 
the characteristic in 2, and we write the log of 201* as 2 32n 1 

Now examine the numlnT o*20!Mi. The number is less than I, 
therefore the characteristic is negati\e, and it is one mare than 
the number of zeros between the decimal point and the first 
significant figure of the number. In 0-2001* there is no zero 
between the decimal point and the first figure (2), hence the 
characteristic is one more than zero, and is negative, i.t. — J, 
bo we write the log thus: 1*32015 (not — I -3201 5 because only 
the characteristic is negative). 

Take another series of examples : - 

Log <u:w r.., a sosf>2 

Log 043«i ,-v 2S(»8(»2 

Log 114*30 \-mVi2 

Log fi-436 - O-HO802 

Lig 0*0430 1-80882 

Log 0*000430 « 3*80802 

L>g IM>OVM1430 ^ 4*80802 and so on. 

How to Find a Number from its Logarithm. —Supim** we have 
the logarithm 2*03215 and we w ant the numtier it represents. In 
the tables we turn to the jjoriion called anti logarithms, and 
looking down t ho mantissa? we find opposite 03215 the number 4287. 

In the logarithm 2 03215 the characteristic (2) is positive, 
hence the number the log represents must have three digits, so 
wo place our decimal point accordingly, viz. 428*7. 
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If the log had been 2 63215, the number represented by the 
log must have one zero lietweeu the decimal jH>int in the number 
and the firet significant figure ; hence we place our decimal point 
0*04237 ; this is the number represented by log 2 63215, 

The following further example will assist 


i.ogantlmi. 

Number. 

3 03215 

42x7*0 

5-03215 

r - 42X700*0 

1-03215 

42-87 

0 03215 

4-2X7 

4-03215 

-O<«042*7 

1 03215 

■4287 

3 *53215 

*0042X7 


( oMrrTATioNs nv Looaujthms 

The following rules are all that it is necessary u> know 
To multiply numbers find their log* and mil them together. 
l»ok up in the table of antilngarithmw to find the number corre 
spending to the total, itwert the decimal jKjin! and \ou have the 
required product, 

KxampU: (i)—Multiply 64-36 42x7, 

Add the logs of these htimlKT* 

J^.g 64*36 1-SUH62 

U.g I2 -h7 1-03215 

I^og of product. — 3 14077 

In the table of ant {logarithm# 44077 gives the niiinlwr 27,561 
product -- 2756-1. 

Example (ii).Multiply 6430 / n <04287. 

Log -042K7 --=2-63215, but for ease of adding or subtracting a 
logarithm with a negative characteristic we add and subtract 
10 to make a positive characteristic, thus :— 

Ix)g 042*7 '.t= 3433215 - 10 
Log 0436 3-80SU2 

I,og of product =« J 2 44077 — 10 
■=■- 2*44077 

Antilog of 44077 -- 27561 
.\ product « 275-61. 
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To Divide Numbers. 

Subtract the logarithm of the divisor from the log of the 
dividend. The difference is the log of the quotient:— 

Exami)lt —Divide 161*2 by 37-49. 


Log 161*2 

-- 2*20729 

U>g 37*49 

=-- 1*57392 

Ix>g of quotient 

« 0-63337 

Antilog of 63337 

4299 

quotient 

=« 4-299 


To Extract the Root of a Number. 

Divide the logarithm of the numt**r by the index of the root; 
the quotient in the log of the desired root . 

Example (\) .Find the square root of 1 S3,784. 


I.X)g 183784 5*26430 

Divide hv 2 2)5*26430 

l/»g of square root 2-03215 
Antilng of 03215 4287 

The square root in 428-7. 

Example (ii) - Find the 5th root of 84140. 

Log 84140 4-92500 

Divide hv 3 5)4 92500 

98501 » 

Antilog of 98500 , - 9001 


,\ The 5th root is 9*601. 

To Raise a Number to a Stated Power. 

Multiply the logarithm of the number by the exjioneitt of 
the power; the product is the log of the required power. 
Example,- Find the cube of 90. 

Ug W » 1*95424 

Multiply by 3 5*86272 

Antilog of 86272 7290 

«\ 289 cubed 729,000 

To Find the Geometric Mean.— The geometric mean of 223, 
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475, 699, 5913, 29840 is t'225 x 475'x W9 x''Mi3 ViSo,“«M8£ 
This (ft.n be solved easily by logarit Inns :— 


\a »g 225 

2 3521* 

475 

v,-. 2-117000 

699 

• 2M44S 

,, 5013 

■-- - 3-771 HI 

296 40 

4-474*0 


16-11996 

Divide hy 5 

5)16)1996 


3 •2231*9 

Antilog of 22309 

167490 

.\ Deomeirie moan 

1674-9 


IJrKMTSMSP 

J Multiply 429-9 hy 374-1#. iimi 3740 * 

2. Divide 7f\340 )*y 07-50, and find the I2fh ronl of 7K.24M. 

3 4*5 and divide the result l»y 25-5. 

4, Fmd the gnoTindri* mean of 312, 41*. 371 5. 3021. 1*7, i'HN, 

5 What mnnf^rs are represented l*v tin* following logarithm* ? 

3-7.VJK7, 375907, Os|2tM. 4-79309 
1997*2. 0 997*2. h 75907, 4 79309 

H. Kind t Ik* following 

(5d»* root of 0072, Square of 599-S. 

Square root of 1*37*4. Oihe of 0 05230, 
vSixih root oi 30721942. I. r «th n*>f of K&ftlOOO. 

7. If log 15 in I 170o9 write logarithms of the following tnimU-r* : — 

15,000 15 1500*0 

150,000 015 0-015 

150 0*0015 041015 
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Signs Commonly Used is Statistics 


X (or/) moans the summation of - 

Thus £(**) « 1* + 2 a 4 3* + . . . 
x is usually used to denote u variable, its individual values being 
indicated by aq r 8 x s . . . x n . 
n ** the number of items. 

« w arithmetic average (also sometimes written r). 
tr is usually used for “ weights/* hence w», u? t . . . w* are weights 
for individual items. In a frequency distribution / or v 
may Ik> used instead of tr. 

/ frequency. f e , f x and are the frequencies in the groups 
of w hich the mesial group forms the centre. 

£ distance from average. 

R(ff) “ gwmotrif mean or average (g - V*, x / s x . . 
m - items in a group or series, 

Af «: median. 

Z «* mode. 

c »■' class range or interval, 

l x and l t « limits of a modal group or of the class containing 
ih© median. 

d * - deviation from arithmetic mean (r — a), 
tlm « deviation from median (r - .3/). 
d, -" deviation from mode {x — Z). 

$«, &*,, 6, mean or average deviation. 

tr Standard deviation -■= \j— X - a • 

v a 

tr* ** variance. 

(?i ft o<l — Lowor Quartilo and Upper Quartile (the median 
(M) lies between). 

Q.J). «* Quartilo Deviation (semi inter quartilo range). 

V ** Coefficient of Variation ( ). 

' a ■■ 

j { , is First, second and third coefficients of skewness, 
s as absolute error. 

€ =» relative error. 

P JC. w Possible error. 

r Coefficient of correlation (or co* variation). 

A a» difference. 
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THE LONDON CHAMBER OF COMMERCE 

(Ikoortokatbd.) 

SPRING EXAMINATION, \\m 

for 

Higher Commercial Kiwcatjon Certificates 

Monday, May 'loth 7 to 10 p.tn . 

UCSIXKSS STATISTICS 

Examiner- -Pro**. R. B. Forrester, M.A., M.L'on. 
Instructions to Candidates. 

Six qwMiuns to be a ameer* d, of which on* mn#t he either 
Question 1 or 2. 

1. The Table shown the Distribution of Wage Earner* in a 
Company by weekly earnings. 


July, 1833 


No of \\«gi \Wk)y Earning* 


Earner*. 

(‘Vcr. 

no! f’Ktwdinft. 

250 

HM. 

20#. 

700 ' 

20*. 

30*. 

12 GO 

30*. 

40*. 

1853 

40*. 

50*. 

2700 

50*. 

GO*. 

3048 

60*. 

70*. 

i im ; 

70*. 

; 80*. 

7541 1 

80*. 

HO*. 

2fK) j 

00<r. 

HH>*. 


f 


From the above table obtain by graphical methods (a) the 
median; (6) the upper and lower quart lies. From these calculate 
the quartile coefficient of dispersion, 

2. The price index-numbers of ten fooebtuffo for two years 
1913 and 1030 are :— 
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12 3 4 5 0 7 8 0 10 

1913 57 05 00 70 72 73 07 81 02 97 

1930 77 91 84 91 95 112 95 143 120 132 

Find a measure of tin* correlation lietween these two seta 
of indices. 

3. Give an account of the official method of measuring changes 
in the retail price# of working class Ki necessaries of life/* 

4. What do you understand by dispersion, and what are the 
different way# of measuring it ( 

5. Explain what is meant by the following terms :— 

(a) Unemployed ]*erson. 

(h) Import.#. 

(r) Raw Materials and Articles mainly unmanufactured. 

[d) Shipping entered and cleared w ith cargoes. 

6. Discuss the imjKirfance of exact definition in statistics. 
Illustrate your answer by reference to either la) occupational 
statistics; or ( b ) statistics of the Balance of Trade. 

7. Write notes u|*>n two of the following :. 

(a) Simple and UomjHmnd Bar Charts. 

(b) Frequency (‘harts. 

(c) Z Charts, 

8. Give some account of the British official statistics relating 
to transport. 

9. Show how the per capita consumption of commodities eon 
l»e used to help in sales investigations, 

10. Discuss the forms of return and report# which would 
lie of value in assessing the financial position of a company. 
Hew far would they cast light upon the efficiency of the 
management ? 
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THE LONDON ASSOCIATION OF CERTIFIED 
ACC t) l J NT A NTS 
(Limited uy IiTarantke.) 

FINAL EXAMINATION, JI NK KW> 

SECTION II 

PRACTICAL AtVUUNTIN*'; AND STATISTICS 
Part K 

1, An estimate of lit*' population of n town is given m 4IMHH) 
’w hereas actually the population is fiO.MnO. 

Compute (a) the Absolute Emir; (M the Relative Error; and 
{c) the Percentage Error, 

2, State the ( hid advantages of a logarithmic scale gruph a« 
eompam] with a natural scale graph, 

3, Calculate the standard deviation from the following data, 
using the short-cut method : — 


Exceeding. 

N..i Exi'cctiing, 

/• 

7 

l 


• V 

H 


fit 

4 

\* 

\ 1 

lOJ 

U 

m 

u. 

1 

I 

“i 

7 

12 

} 

i:tj 


1S| 

Hi 

i 
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m 

UNION OF LANCASHIRE AND CHESHIRE INSTITUTES 

Advanced (V)mmekcial Coub&k 
STATISTICS 

Monday, April K£A, 1935—7 to 10 p.m. 

Six questions only are to be arum'tred. Your wlertkm must include 
at least one of the starred questions. 

Squared Paper and Mathematical Tables are, supplied. A Slide 
Jink and Talks of Squarts, etc., may he used. 

1. The numbers of a certain dim* of workjieople receiving 
different wages are as follows : - 

WRffMt 20*.-20*. <W. 20«. 6<J.-2I«. 2U-21*. <kf. 2U.iW.-22n. 

No. of workoin 3 7 12 10 

22h.- 22*. fWl. 22 h. M.- 23 *. 23# -23*. to/. 23«. iW.-24f. 

No. of worker* 34 5o 52 103 

Wage* 24#,-24h. 1W. 24*. <W.-2fr. 2fiH.-2to. Ctf. 25*. 0J. .20*. 20 h.-2IU.6J. 

No. of work ora 08 3*2 10 10 3 

Ke» tabulate these data in four groups, expressing the number 
of workers in each group a* a jjereentuge of the whole. 

2. The estimated exjM'iises of an industry consist of £487,000 
for wages and £216,000 for other expenses; and tho estimated 
receipts from miles are £750,01 K>. Calculate the estimated net 
profit*, giving the limits of possible error on the assumption that 
tin? amounts stated are liable to errors of 2 |*>r cent., 8 per cent., 
and 0 j>er cent, respectively. 

3. Find the average of the items 71*9, 83*7, 52*6, 97*3, 39*9, 
72 0 when weighted with weights proportional to 2, 5, 1*5, 7, 4, 3, 

What would lie the approximate effect on the result if all the 
weights w ere increased by 0*5 ? 

4. The manlier of people employed in a certain industry 
decreased from 10,820 to 6745 between tho years 1900 and 1930. 
Estimate the number employed in 1920 on the two assumptions 
that the yearly numbers formed (n) an arithmetic progression, 
and (6) a geometric progression. 

5. Find the arithmetic mean of the wages of the workpeople 
given in Question 1, 

0. Draw graphs to illustrate the variation in numbers of 
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students in cotton weaving and cotton spinning, as given in 
the table ;— 


{ Year. 

! 1923. 

1924. 

1926. 

1920. 

i 1927. j 

1928. 

| Weaving students , 

! Spinning students . 

| 2300 
: 3000 

2600 

3200 

2900 

3300 

3100 

3500 

3200 ! 

! 3100 j 

3600 

29(H) 

I Year. 

; 1920. 

| 1930. 

: 1931. 

5 1932. 

; 1933. | 

1934. 

! Weaving student n 
; Spinning students . 

3400 i 
2600 | 

3800 

2500 

; 2 7<X* 
2(8 K) 

1800 
; 1400 

i 14(*0 

! noo ; 

if 


7, Draw a block diagram (histogram) to represent, the 
statistics of Question I, and use the diagram to estimate roughly 
the median and mode of the? distribution. 

8. Calculate the standard deviation and the quartiIn deviation 
of the wage distribution of Question I. 

*9. The numbers of jiersons injured in road accidents in 
Manchester during each of the thirty weeks preceding November 
3rd, 1934. wen* : 72. till, 47, OH, 04, 52, 45, 04, 55, 50, 49, 58, 
52, 79. 59, 70, 82, 52, ISO, «0. *4, 53, 52. 58, 53, 53. 49, 57, 03, 07, 
Use these figures to explain the method of moving averages to 
draw graphs showing the general trend and the short-time 
fluctuation*. (I'm* live - woe k ly ave rages.) 

*10. During the same thirty weeks as those covered in the 
statistics of Question 9, the numbers ot persons killed in road 

accidents in the whole of Great Britain were ; 11S, 133, 120, 124, 

128, 127, 140, 134, 153, 142, 134. 139. I HO, 144, 144, 150, 149, 

160, 156, 159. 142, 160. 159, 161, 130, 144, 131, 153, 168, 178. 

Calculate approximately the coefficient of correlation between 
these two sets of figures. 



210 


BUSINESS STATISTICS 


KOYAI- SOCIETY OF ARTS EXAMINATIONS FOR 
ADMINISTRATIVE AND OPERATIVE STAFFS OF 
ROAD TRANSPORT UNDERTAKINGS 

Gnorp HI 

ELEMENTARY STATISTICS 
Tumlny , May 1930 

[Thru hour# allauwt .] 

Not mart than sevks quantum* to be attempted. 

An*wer lntih question# in Section A , three question* in Station It. 
the question in Section and one question in Section />. 

Nkitios A 

A n mv r n < >r» i q u e*t ion * 

1. If you were staked to conduct a stat istical inquiry into the 
trallics of a bus undertaking with a view to ascertaining whet her 
the average receipt j>er jiaasengcr and the average distance 
travelled |»er passenger wen* increasing, descriU* briefly (a) the 
basic data you would require, (6) what steps you would take to 
assemble the data, and (r) what methods von would employ to 
analyse such data. 

2. It is required to estimate the jcopulation of a large town. 
The last census was taken five years ago. What met funis do you 
suggest i 

Section R 

A ns-uvr tiiakk question# only 

3. How would you distinguish 

(i) The simple average. 

(ii) The weighted average. 

(iii) The median ? 

4. Dealings in a certain security at the following prices took 
place on the Stock Exchange:— 

100A 1003 100J I00A 100 t \ 100J 1001 100^ lOOVi 
lOO^V 1W| 100 99J 09**. 99(J 99 99J 
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Find 

(i) The average price. 

<ii) The median price. 

5. Find the mean, mean deviation, mode and quartiles of the 
Stock Exchange prices quoted in Question 4, 

6. If average money wages rise 20 i>er cent., and the retail 
purchasing power of money rises 10 per c*nt.. by bow much do 
average real wages rise t 

7. Crude birth and marriage rates are commonly calculated 
as so much jer 1000 of the population. Criticise this method. 
Can you suggest a tetter ? 


Section C 
A n$vrr tht# question 


8. Draw a rough bar diagram (a histogram) illustrating the 
wage data shown below. Would a continuous curve have teen 


more appropriate ? 

If not. 

state reasons. 





Weekly raten 

of Wages at 


; Grade. 

July* 

!)*•<. Sint, ; 

pec. 3 1st, | 

Di e. 31*t. 

: l 

1014. 

1924. ; 

1U28. | 

1930. 

" •* ( 

i 

ft. ii. 

ft. d. 

ft. d. "!" 

ft. d. 

; Fitters . . j 

as u 

; 0 ! 

OH i» j 

59 1 

| lroiunoiildei> 

41 s 

1 00 0 j 

02 1 

02 4 

j Labourer* 

22 10 

40 1 ! 

41 11 1 

42 1 


i 


Section D 

Anmwr one qwMion only 

ft. What statistical units would you employ to compare the 
relative operating costs of two road passenger transport under¬ 
takings ? Give your reason*. 

10. Upon what basic data would you calculate the following 
statistics used by trans(>ort undertakings :— 

(i) Operating ratio. 

(ii) Average scheduled speed in service—ni.p.h. 

(iii) Average number of service car miles run per crew 

per duty ? 

11. What is the object of the calculation of a retail Price 
Index ? Explain the method of calculation of a typical index. 
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THE SOCIETY OF INCORFOKATED ACCOUNTANTS 
AND AUDITORS 

FINAL EXAMINATION 
.Yort/nfar, I tKlfi 

(Time alUnml—one and a iml} hour*) 

IV. STATISTICAL METHODS 
(Candidate# xhtntld attempt five ipteMion# only) 

1. Examine the o ha raster nsties anri purpose* of < • la** i Heat ion 
in statistical methods. 

2. State the considerations y»m would observe in constructing 
a statistical table, 

3. Arrange the following data in a frequency distribution. 
Calculate the arithmetic average, median and mode. 


StaiwUc* j»f Wage* of Wrtkly Waye • Earners 


Uoiklv 

Xo. of 

Ww 

klv 

Xu. <lf 

Wage. 

\\ age- 
Earner*. 

Wage' 

\\ age- 
Kantcr*. 

(n i 

V2) 

(») 

(2) 


it. 1 


e». 

»/. 


u 

0 

1 

2s 

0 

1 

1ft 

<1 

I 

2 a 

M 

1 

IS 

0 

4 

so 

O 

10 

10 

M 

•i 

31 

0 

1 

20 

0 

7 

32 

O 

1 

20 

<i 

1 

32 

fi 

l ! 

21 

U 

4 

ar> 

0 

l ! 

■j2 

0 

4 

ati 

0 

l i 

23 

0 

*2 

as 

0 

i 1 

24 

0 

5 

40 

0 

:i ; 

2ft 

0 

7 

4ft 

0 

fl 

2ft 

t! i 

1 

ftO 

0 

i i 

*>-? 

4 * 

u 1 

i 

1 

55 

0 

i \ 


i 

i 

_ ti __ i 



Total 

j 72 / 

1 ; 


4, What rules would you obey in smoothing a frequency 
polygon i 
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5, State the advantage# and disadvantages of the arithmetic 
average. 

6. Calculate to two decimal place# the standard deviation of 
the following frequency distribution : - 



ta. 

- y- } 

w. 

/. 

j 

15 

i 2 

40 

4 

1 

20 

( 22 

45 

« 

\ 

i 

25 

i in 

AO 

! 1 

} 

30 

f 11 

A5 

l 

1 

35 

: » 


' 


7. Graph the short-time oscillations of the following price 
indices, using a half-yearly base : 


Month, 

Jtk1«*x. 

M> tilth. ] 

Inilrx. • 

1 

so 

10 | 

oo i 

2 

' 82 

17 

os i 

3 

i 80 

IS 

100 i 

4 ! 

I Bl 

19 

114 

5 

H3 

20 

112 i 

6 i 

85 

21 

100 i 

* 

! 80 


too 

H 

! 00 

23 

112 

9 j 

I 03 

24 i 

120 

10 

! 90 

25 

US ; 

11 i 

i 91 

20 I 

112 ! 

12 

94 

27 

M0 

13 

100 

28 ! 

107 

14 

mr. 

20 : 

113 

15 ! 

! 

1 102 

30 < 

115 ! 


8. What is a Gallon Graph ? State how it is constructed and 
interpreted. 

9. Mr. X is ordered abroad for Ins health for three years and 
gives you a power of attorney to manage his three drapery 
businesses situated in different parts of London. 

Sketch roughly the form of statistical chart or charts that you 
would ask each local manager to provide. 
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THE SOCIETY OF INCORPORATED ACCOUNTANTS 
AND AUDITORS 


FINAL EXAMINATION 
May , 10:«5 


{Time allowed<nn:-and-a-half hours) 
IV. STATISTICAL METHODS 


{Candidate* should attempt five question* only) 

1. Why iw statistical science necessary, and what are its uses ? 

2. Classify the methods of statistical investigation, and state 
briefly their respective merits and demerits. 

3. Work out (showing your workings) the most absolutely 
accurate result of multiplying 7l!(> by JO/Jo 0 when the digits in 
italics only are accumte. 

4. Compute to two places of decimals the standard deviation 

of:. 


m. 

Mid- /. 

Fund. 


♦a. 

Mid* /, 

Fund. 


(i 

7 

S 


4 

(i 

12 


10 

11 

12 

n 


u 

10 

9 

s 


f». State the advantages and disadvantages of the median. 

0, Draw » histogram showing, on the same basis, the com 
partitive wages in States A. II and C ; 

| Wage* jx r Week ( j X»». of Wage Earners in State. j 


tfrcwrimg. 

*>UI 

; K\«vodmg. 

A. 

H. 

<\ 

2.00 

3.09 

105 

204 

398 

4.00 

5.99 

380 

1050 

1010 

0.00 

7.99 

502 

2490 

1617 

8.00 

: 9,99 

1330 

1215 

2203 

10,00 

: n,99 

1740 ■ 

890 

2842 

13.00 

j 13.09 

1020 ! 

1724 

33181 

14.00 

; 15.99 

| 1325 j 

*11512 

3482 

16.00 

; 17.99 

1095 | 

3496 ! 

3144 

18.00 

i 19.99 1 

| 800 i 

1787 j 

1498 

20.00 

| 21.09 

1 500 : 

1224 ! 

354 

22.00 

i 23.99 

! 378 

796 j 

56 

24.00 

; 25.99 

1 M 

620 

— 

20.00 

27.99 

70 S 

320 j 

| — 





urine wime TTh) different products desires to take out significant statiBtics of its 
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Define skewness. State the formate for the various 
coefficients of skewness, adding notes on their respective 
advantages and disadvantages. 

Use the follow ing symbols : 

a arithmetic average, 

M ■- median, 

Z mode, 

Q qmirtile, 
d deviation. 
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THE INSTITUTE OF TRANSPORT 
GRADUATES!!IP EXAMINATION 
Thursday, April 27/A, 1039 

(Time —2.3o p w w, to 5,30 /<.#«.) 

ELEMENTS OF STATISTIC 

(Six. hat not morn than six- <fn* >7 ions should he (Uttmpt&l) 

L Estimate from each of the following items the value of 
total imports, showing the limits of estimation ■ 


India Imports. 

Aprd to pUmtor, 

193 H 

linjN.ru from : 

Am. Hint 

t Lakh* of Uuj* < *0. 

iVr (Vui. of 
Total Imports 

i'liitr ii Kmgd»»frk 

Hi./in 

31 H 

T^tul Hriti-h Empire . 

42,43 

tint 

Japan , 

0.15 

H-7 

1 rtTfllWTlV 

5>7 

S3 

r.s A. 

4,07 

ht> 


L. „ 


2. Uompute the average of eaeh of the following distri- 
but ions :. 


Ay* Distribution# of firiti#h Horn and Pnnujv Jiorn Mala* in 
Can Oita, 1931 

(/VT(V ntOrff#) 


! Ages : 

V filer 15 

ir> 

2ti- 

25 

30- , 35 

! 40- i 

British . . 

4 92 

4 35 

hi\2 

1MW 

9 20 9*9« 

. 

I2 «7 j 

Foreign 

7-oa 

3 55 

7’97 

12 n: 

1309 12*91 

; mm, 

j Age* : 

45- 

50- 

; 55- • 

oo 

05 ami over 

Total. 

| British . 

1249 

, 9 07 

! 6 50 1 

4 m 

7 *90 

i ioo ! 

Foreign . ' 

»0-l» 

; 7-214 i 

j 4-91 ; 

3 35 

502 

i too ;• 

1 1 
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3. From the data of Question 2 make cumulative tables for 
the ages of British-bom and Foreign-born males in Canada in 
1931, and draw cumulative graphs for them. From the graphs 
estimate the median and quartile ages. 

4. Compute any percentage* or ratio* which you think would 
assist in a better understanding of the following table :— 


Ore urn fCarningti of British Shipping in Foreign Trail*, 1931 



1 rhHxt 

Expenses 

NVt 

Kind of Trade. 


Abroad j 

IlcecuptK 

■ 

(£000). 

(£000). 

(£000). ; 

.... .. r | 

C.K. and Empire fVumfricN 

270 

10« 

173 ; 

Empire Countries . 

7-7 

i-S 

2t* j 

17, K, Mid Foreign Countri*** 
Empire Cimntrie* met Foreign 

21 2 

71 

13*8 1 

Countries .... 

8 5 

50 

3 5 * 

Foreign Count men . 

1 h 

4 1 

3 7 

Tot iil*« 

73 1 

31*9 

412 i 


5, Compute from the following data the average amount of 
sale* [M'r whop for the whole group of businesses covered ; — 


B( tail Trade , Birr, 1933 




jVroentage 

Average 

Average 

Size of Purdues*. 

Simitar 

of 

Xuintar of 
VerH»*i\« 

Sale* per | 
Person i 




j*'»* Shop. 

(£>• j 

£100 andlea* than 

£500 

40 5 

2*0 

134 i 

£500 

£1.000 ; 

200 

2 0 

! 200 1 

£1,000 

£2,500 

21 1 

3 5 

445 { 

£2.5<H* 

£ 5,000 

100 

ft 1 

078 j 

£3.000 

£10,00*1 

5 1 

#■5 

014 1 

( £10,000 

£50.000 

2-7 

1K-0 

983 j 

| £50,000 or inure . 


0 1 

100*2 

1.015 l 


t. 


6. Explain the advantage# of a logarithmic scale, using aa an 
illustration data derived from some of those in question 6. 

7, Use the method of moving averages in order to obtain the 
seasonal variation in the following sene#;— 
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Coit of Living Judex Xu*nlxr 


j Month. 

IWI. 

i 11)32. 

11*33. ; 

1034. 

l ! 

lss 

147 

1 142 *! 

\r2 

i 2 

)r>2 

147 

HI 

141 

3 ; 

150 

145 

i 130 i 

140 

1 i ; 

147 

144 

i 137 ; 

139 

i & 

147 

143 

130 1 

137 

i 

145 

; 142 

s 135 

138 

i 7 f 

147 

143 

138 j 

14) 

I 8 

145 

141 

139 j 

142 

1 « 

145 

141 

141 i 

143 

: in 

145 

I 143 

141 I 

143 

n 

ue 

143 

143 

144 

is 

148 

143 

143 

144 


8. Explain the* advantages of using weighted averages in the 
from put at ion of index number*. How far in thin possible in the 
case of wholesale price indices '( 

9. Explain the md for exact definition iri statistics. Illus¬ 
trate with reference to statistics of trade and transport and 
unemployment. 

10. What are the advantages and di *advantages of the mm fie 
method of statistical inquiry. 
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THE BUILDING SOCIETIES INSTITUTE 
SECOND EXAMINATION 

ELEMENTS OF STATISTICS 

Thursday , 2 2nd June , 1939 

(Ttmf allowed—two hours, 4- 0 p.m.) 

Examiner : Mlt, G. L. Schwartz. H A., Eoon.) 

(.1 ttswer (Question 1 and thkkk other <j nest ions. All questions 
carry r/jtial marks) 


Person* in 

Number of 

Person* in 

Number of 

t i OUH4-tlf 

Hi'Up holds. 

HolJwltdld. 

HuiiKehokl*. 

1 : 

ft 

i 

52 

vi 

7ft 

H 

29 

5 ! 

UK 

9 

2tf 

4 

lftft 

10 

7 

:> 

1 m'J 

11 

K 

A 

HI 

12 

1 

. .- . . . .. 

---- 

. .„. . 

.... ... . .— 


Treating the numU'r of households as a frequency group, find 
the average, median and the upfier and lower quart ilos. 

2. Plot a frequency curve for the data in (Question 1 and use 
it to explain and measure skewness. 

3. Select at random 20 numbers between 0 and 100 and then 
calculate the standard deviation and coefficient of dispersion for 
your group. 

4. Discuss the need for exact definitions in statistics, illus¬ 
trating with reference to population, housing accommodation or 
external trade statistics. 

ft. NVInvt averages are in common use in statistical treatment 
of data, anti what are the special advantages and disadvantages 
of each ? 

fi. How is the spread of a statistical series about an average 
measured ? Arrange in order of variability of height policemen, 
the candidates in this examination room, guardsmen, a stage 
troujie of dancing girls, and housemaids. Give your reasons. 
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7, Construct a weighted index numlnt of the cost of a budget 


in year B taking the cost 
data:— 

! 

in year A 

: Year *1 - 

as 100, from the following 

Year H. j Weight, 

{ 

d. 

d. ; 

j Kent . 

9 0 

12 4i ; an 

? Bread jw'r 4 )h. . 

5 

* 10 

Butter per lb. . 

l :* 

1 0 i 4 

Meat \*r lb. 

i» 

1 a k 

Milk |K'r <pi»rt . 

5 

h 5 

Coal jvp i*\vt , 

1 a 

) i« .1 

s. ;.. 


- . 


dumber of 

Amount of Total income 

| (Dollar*). i 

i 

[VrMi»u* 

lOveivod b\ K«**b Claw 

in 4 ’la-*. 

(4*oo Dollar.). 

| 0 r*t>o 

1,827 

II85 

500 1,4)4 Ml 

12.580 

*!.*»* 

1.04 Ml 1,500 

12 . tux 

15.020 

1,500 2,0410 

5.222 

*.01N 

i 2,0044 3,4»lo 

3.005 

7.HH 

! 8.4*410 - ,*5.000 

1 .3k;i 

5.174 

5.000 10,000 j 

as: 

3,037 

, |4»,‘»*I0 25,000 

i 

102 

2.H0S 

Draw two circular pictogniins. one showing the number of 

persons in each elaas, and 
by each class. 

one show in 

g the total income received 

i). ■:.. ’ 

. 



\umlv 

r of 4 'rtM'h. 

ria^. 


. 

1 

Year is Mo. 

Year 1000. j 

i 1*0 4. 

i 

, 0 : 

ir» 20 

:i 

•» : 

: 12 15 

14 

« 

1(MJ 

15 

6 

; 14 i 0 

4 

3 

, R- 9 

5 

1 17 ' 

7- fi 

3 

1 14 1 

7 

4 

I 4 

; 5- e ! 

4 

I 

! 4-5 5 

2 

3 


Reduce the distributions to a common basis by expressing 
each in percentage terms and represent them by cumulative 
diagrams drawn on the same graph. 
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NATIONAL ASSOCIATION OF LOCAL GOVERNMENT 
OFFICERS 


INTERMEDIATE EXAMINATION 

January, IMft 

ELEMENTS OF STATISTICS 


{Time allouml —2i hour*) 


(Korn question*--and indy Jmtr- *honhl be answered) 

■# 

I, Estimated H]*eeds, immediately before the accidents, of 
incch Attica II v-propelled vehicle* involved in a numlwr of fatal 
road accidents in the early part of 15135:. 




j Number of 
: Which*. 


Not nxwrthniK 10 m.ihlt. , 

1in> 

Owr |<» hut tutt over 

'JO m.n.h. 

fiW* 

20 

30 „ 

321 

.. an 

40 ,, 

Mi 


r* o .. 

23 

.. ;*>o m.p.h. 


r> 

Whirl** Maftnmm 

, 

31 

Information not uvuiUthh' 

:uii 



1 i.rssct 


Calculate (i) the percentage# of vehicle* moving at different 
spetd#; (ii) the average speed of moving vehicle*; (iii) the modal 
afwtxl of moving vehicles. 

2. Using the data in Question l draw a frequency diagram 
representing the spetds of vehicles involved in fatal road accidents. 

3. Using the data in Question 1 draw a cumulative diagram 
from which the median sjsecd of moving vehicles involved in fatal 
road accidents can he read off. Write down the median speed. 

4. Assuming that the estimates of the speeds of vehicle# 
tabulated in Question I arc correct, can it b#inferred that fewer 
fata! accidents would probably occur if vehicle# moved in future 
At (i) higher, or (ii) lower, speed# than in the early part of 1935 ? 
Give reasons for your conclusion. 

5. Present the following information, in it* present or a more 
convenient form , in a table or tables suitable for publication :— 
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According to the Census of Production, 1030. the total value 
of boots, shoes and slippers made in the United Kingdom in that 
year was £41,473,000, a decrease of 12 0 per cent, as compared 
with 1924. The total number of dozen pairs made in 1024 was 
9,906 thousand, and in 1930 this number had decreased by 212 
thousand. In 1930 there were 2,121,000 dozen pairs of men's 
leather boots and shoes (value £14,459,000). 3d46,000 dozen 
pairs of women’s (value £16,274,000), 2,361,000 dozen pairs of 
children’s (value £6,060,000), and 293.000 dozen pairs of leather 
shoes (worth £1,654,1X10) not separately dtatinguitthed os men’s, 
women’s or children**. There were in addition 1,773 thousand 
dozen jwiirs of footwear of other materials, winch were worth 
£3,006.000, lu 1924 the values of men's, women’s and children's 
leather bools and shoes weir £16,099,000, £18,135,000, and 
£7,28(M8k) respectively. The tola! number of pairs was, as 
already stated, 9,906,000 dozens, of which 73*2 jkt cent, were of 
leather (21-4 per rent. men’s, 27 7 jkt cent, women’s, and 24*1 
jkt cent. children's). The material of the remaining 26*8 per cent, 
was not stated and may have Ixxm either leather or some other 
material; their value was £5,020,000. 

6. Calculate, from the data iri t he following table, the average 
percentage change ladween 1924 and 1930 in the prices of hats 
and caps :~~ 

(\ njWM* vf I’uKhu'tum ((.'tnldi Kinydtmi) 


i 


1924 


\ 

i 

i 

: Quantity 
, (Thousand 

Value 

(fcNrth. 

: 

Quantity \ 
(Thousand | 
d<»xens). ■ 

YkIiM' 

(£000). 

j Hats and caps : 
j ftf «traw 

| of wool felt 

j of fur fi-lt 

i of doth 

1 of other materia!** , 

957 

1,577 

K2rt 

1.44MI 

, 260 ; 

2,305 

2,601 

3.352 

1.390 

558 

833 ! 

1,291 ! 

524 j 
1,051 1 

248 

2,434 

2,622 

3.100 

1,918 

715 

i 

; 5.026 

10,406 

4,550 ! 

10,789 


7. Discuss briefly the nature and use of three (and only three) 
of the following :— 

(i) index-numbers; (ii) moving averages; (Lii) quartiles; 
(iv) the census of population; (v) standardised death rates. 
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OFFICERS 

INTERMEDIATE EXAMINATION 
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ELEMENTS OF STATISTICS 
(Time allowed — hours) 

{Candidates should answer kot k questions) 

L Explain how the Net Reproduction Rate is obtained. 
Show the significance of the fact that in 1931 the net reproduction 
rate for England and Wales was 0-81. 

2. W r hat are the principal Local Government matters in 
respect of which statistics are regularly collected and published ? 
Where can this information be found? Indicate what other 
matters (if any) could, in vour opinion, usefully be treated 
statistically. 

3. Put the following information in tabular form: On the 
Pith December, 1938, there were in Great Britain 1,804,218 
insured persons aged 16-64, unemployed, of whom 1,380,304 
were Men (aged 18 and over). 371,550 were Women, 29,028 were 
Boys (under 18), and 23,330 were Girls. The total numbers on 
the registers of the Employment Exchanges were : Men, 1,384,922, 
Women, 356,580, Boys, 45,549 and Girls 44,321. Explain the 
differences between the two sets of figures. 

4. State concisely the bases of good classification of statistical 
data. Consider how far t he classification of Brit ish trade statistics 
satisfies theoretical requirements. 

5. I'he estimated age composition of the population of England 
and Wales in 1937 was, in Millions 



. 

«-• 

10- 

20- 

30- 1 

40- 

50- 

60- 

70™ 

80 - 

M. 

F. 

2 81 

I 2-83 j 

! 1 

3-30 
| 3-24 

3-29 

3-49 

3-15 j 

3 M ! 

» 

249 j 
2-95 j 

! 2'17 j 

2-55 ! 

i 

1-57 j 
1-63 i 

I 

0-66 | 
j 0-02J 

0*14 

0*24 
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Dr»wthe population pyramid for 1937, and comment on the 
position it reveals, taking into account the average (crude) birth 
and death rates for the periods given :— 


| 1021 5. : 1926 30. j 1931-ft. 

Birthrate* . 11M1 j l«-7 : 150 

I>r»ttth rate . ! 12-1 \ 12*1 12-0 


6. Compare graphically the expenditure* of Local Authorities 
in England and Wales during the stated period under the three 
headings given, so as to bring out clearly the different rates of 
growth in expenditure :— 


j Education: 

11120 1. 

. 11*21 2. 

1022 3. 

1923 4. 

1924 -ft. 

(1) Element nr v . 

511,855 

02,116 

511,7211 

57,1117 

68,720 

(2) Higher 

Housing and Town 

1 4,030 

15,688 

15,061 

14,382 

15,153 

Planning 

4.315 

10,214 ; 

14,631 

16,327 

18,083 

Education : 

11125 «. 

ii»2a 7.; 

11127 8. 

; 11126-11. ; 

1 , . .. j 


(1) Elementary . 

5M»I 

Atl.ftfMi 

511.83 2 

63.0)7 | 

£000 

(2) Higher. . 

Kooning and Town 

15.87H 

15,144 J 

17,163 

16.690 i 

I 

£000 

Planning 

21.282 

25.107 

32,186 

36,615 ; 

£000 


7. You have been instructed to find the M genial level of 
working-class incomes ” in the district served by your authority, 
to be used as a guide to policy in such matters as the determination 
of the rents that should be charged in a proposed housing estate. 
How would you work out a single expression for working-class 
income given that:— 

(i) A variety of industrial occupations is to be found in 
your area; 

(ii) The employees are all paid weekly time-rates; 

(iii) You have all requisite date as to employment for the 
period over which your investigation extends. 
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B. According to the Cenwun of 1021, the following w m the age- 
distribution of clerks employed in Local Government:— 


Aw 

u a ir> 

10 A 17 

18 20 

20 24 

25*29 

30-34 

No. . 

nas 

2.732 

4.H94 

5,501 

4,250 

3,857 

Ag«- 

. 35 44 

45 54 

55 50 

00 114 

05-09 


N<». . 

Ago . 

No. . 

5,073 
. 70 and 

over 
217 

4,051 

1,337 

028 

303 



All 34,492. 


Calculate the Average, Median arid Quartile ages of this group, 
and give the Relative Mean Variation from the average. 
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Abnormal fluctuations, 144 
AtamsS', Axis of, 65. 66 
Absolute dispersion, 114, 110 
AW»lut<« error, 72 
Kstmiatiug when biassed, 71 
When unbiassed, 74 
Absolute measure r*f skewness. 124 
Absolute quartilo deviation, 11*1 
Accident, i 

Account* Anti Statist it s. 11. 14 
Accumulated Sale#. 146 
Accuracy ami approximation, 70 
degUM' of, 7, 70 
Actuaries' Index .Xu miter, 175 
Adequacy of data, 13 
Ad von ismg Statistics, 104 
Aggregative Index Number, 103 
Unweighted. 103 
Weighted, 104 

Agricultural Market Ht/wri 100 

Agricuh oral St.nl ist ich, 17 7 
Analysis, historical, 150 
Annual Slaitmtnl of Xavitjatinn <1 
Shipping 170 
AnttfogarithmH. 2 f X) 

Applied Statistics, 2 
Approximation: 
error in, 71 

how stated, 70 
method*! of, 71 
multiplication, 75 
value pf, 70 
Arena in diagrams, 46 
Arithmetic Average, 78 

advantages of, 8) 
calculation of, 79 
definition, 70 
disadvantage* of, 81, 82 
homogeneous units eoeontial, 79 
moving, 61, 84, 151 
relative weights. 81 
short method of calculating, 79, 
119 

simple, 80 
uses of, 82 
weighted, 80 

Weights approximated, 80 
Arithmetic Curve or Chart, 55, 63 
Arithmetic Mean. Sts Arithmetic 
Average. 

Arithmetic progression, 146 


Arrangement of items, 34 
Array, 87, 91 

Asset*. comparative statement, 191 
Association of fact*. Set Correlation 
Asymmetry. 97, 123 

Attributes of data, 12 
Average, “ assumed, 1 ' 79, 119 
A veragn deviation. 11 ft 
forum Ih.\ 117 
I.or*ui* Curve, 121 
l/sc of, 12b 
Average : 

Arithmetic. 7a 
Assumed, 79 
f**r index numbers, 103 
pviinof.ric. 82 
harmonic, 8 r » 
median as, 87 
mode as. 91 
moving, 84. 147 
of percentage mlativiM, 105 
progressive, 85 
of ratios, 105 
variations from, 114 
Averages, 78 
kinds of, 79 
semi-, 147 
uses of, 78 

Axes, co-ordinate, 65. Ml 

Balance of Bay men Is, 174 
Balance Sheet, Comparative, 191 
Balance of Trade, 174 
Hand or Belt Charts, 62, 83 
Hank : 

advances, 144 
deiswita, 144 
money rates, 144 
returns, 175 

Banker*' Magazine /ndex, 176 
Bar Charts or diagrams. 45 
component, 45, 52, 68 
horizontal, 48, Ml 
multiple, 46. 50 
percentage, 46, 62 
Prngrwa* Chart*, 6ft 
Simple, 45, 48 
Usos of. 50 
Vertical, 48 

Barometers, business, 169, 162 
Base for Index Numbers, 102 
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Batfa long period trend, HA 

Bum: 

in approximation, 73* 74 
In sampling, 18* 10 
Iiimwl selection of samples, 10 
Block diagram*, 00 
Board of Trade s 

rertsu* of Production, 177 
Index of Production. JttO, 107, 178 
Index of Wholesale Prices, 160, 161, 
107 * 

Journal, 174 

Published data, 100, 107* 174 
Budget: 

Budgetary Control, 1&6 
Business, 160 
expense*. 160 
family, 100 
production, 167 
Kale*, 160 
Trading N tucks, 150 
ftmigetarv Control, 1 Ml, 1.60 
HiuiiniMa barometem. 15V, 102 
Business Budgets. 160 
Business Cycle*. 163 
Business forecasting, 150 
Business Index, 150, 102 
Business records, 13 
Busiixw* statistic*: 

Clamutteation of, 14 
cyclical movement*, 163 
data for, 13 
definition, 2* 3 
manager otmt, for, 190 
presentation of, 21 
Tabulated Report*. 190 
value <»f, 1 
Zee Chart*, 186 
Bus < mile, 9 

Capital In* lira', view, 144 
Captions i n Tables, 30 
Cartogram*. 45, 46, 47 
Omuuia of Population, 165 
Comm* of Production. 9. 177 
Chain base index nutnlmr#, 102. 167 
Advantages of, 168 
Chance, 16. 17 
Charts, 45. 55, 65 
Arithmetic, 65 
hint* on making. 49 
logarithmic, 58, 66 
Ratio scale, 65 
Matter diagrams, 132 
Circular diagrams, 46, 62, 54 
Circular or Pie-Chart, 45, 52, 54 
daneea of Statistical data, 9 
Classification of data, 9 
Classifying tabulation*, 25 
CU«« interval. 88 
Class livnits, 90 
Coefficient of correlation, 136 
interpretation, 137 


Coefficient of correlation, Poaraonian, 
135 

probable error of, 137 
Coefficient of Dispersion: 
average, 118 
quart ue, 116 
standard. 11(1, 120 
Collection of data, 10 
Comparability of data, 8, 12 
Comparative Statistics, 32, 35, 143, 
184, 191, 194 
Comparison : 
by Areas, 46 
by curves, 61, 95, 139 
for lag, 139, 140 
by ogives, 95 
on ratio scale charts, 68 
of variables, 61 

CompooKAting error in approximation, 
73 

Compilation of data, 5 
planning and scope, 6 
Complex tabulation, 2H, 29. 30 
Component bar-chart, 52 
Coni] mail* CniU. 9 
Compound Imr-chart, 50, 52 
Compound interest curve, 148 
Continuous *crie«. 93. 94 
Control, budgetary, 15H 
Co-ordinate paper. 58 
Co-ordinate*, 55, 56 
Copeland Chatteroun system, 36 
Correcting rornparat ive data for lag, 139 
Correlation. 3. 129 
coefficient of, 130 
curvilinear, 130 
definition, 129 
direct, 129, 132 
formula for, 135 
graphA showing, 130, 131, 133 
high, 131 
inverse, 129, 133 
lag and, 139 
linear, 130 

measurement of, 130, 135 
negative, 129 
non linear, 130 
Pt'afsonian coefficient, 135 
perfect, 129 
positive, 129 

scatter diagram for, 130, 133 
table, 130, 134. 136 
Cost Accounting, 1 
Cost of Living Index Xurntar: 
calculation of, 172 
compilation of, 171 
description of, 169 
Uraph of* 110 
objections to, 169 
Table of, Ml 
Cses of, 182, 171 
Counting. method of, 36 
Co-variation. See correlation. 
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Cumulative error, 73 
Cumulative frequency curve, 95, 1*4 
Curve Chart* or Graph*, 55, 182 
blocked in, 00 
construction, 55 
data for, 61 

frequency polygon, 153 
grid and scale, 55 
interpretation, 57 
note* supporting, 01 
ogive, 1*4 
probability, 154 
ratio-ruled chart*, 55 
Scale for, 55, 55 
smoothing, HO 
uw* of, 57 

Curvilinear correlation, 130 
Cycles of trade, 143. 153 
Cyclical fluctuation, 143 

Data i 

adequacy of, 13 
attribute** lutceeaury, 12 
compilation of, 5 
roinprelKMiaivevia**, 12 
primary, 9 
reliability inquiry, 12 
secondary, 11 
*uure«w of. 10, 13 
suitability «*f, 13 
Deciles : 
defined, ftfi 
formula for, 90 
on graphs, 97 
Dojrrw** of accuracy, 7, 70 
Demti t y < »f items, ft 1 
Density shown by enrtogram, 46, 47 
Departmental records, 03 
Dependent variable. 27, 2*. 5ft 
Derivative tabulations, 25, 27 
Doacirptivo Btat ist ieg, 2 
Deviation, 3, 114 
absolute quart ile, 110 
Average, 114, W7 
Lorens Curve. 121 

moments of dispersion, 117, 118, 120 
quartiie, 114, 115 
range, 114 

relative average, ] t * 
relative quart!)#, 110 
Mmi'interquartile, 115 
Htandarvi. 113 
uj*o of, 114, 115 
Diagrams. 43 
Discontinuous satire, 8* 

Discrete series of data, 88 
Dispersion, 3,114 
absolute, 114, l IB 
avenge deviation, 116 
defined, 114 
that moment of, 117 
graph* showing, 120 
Method* of measuring, IH 


Dispersion, moment* of, 117* 118,190 
quart* to deviation, 11$ 
range, 114 

second moment of. US 
Standard deviation, 118 
third moment, 120 
Distribution, fwjuotwy, 89 

Kwmo9m*i : 

Freight Index. 180 
Index of Wholesale price*, 160 
Bmployirettit, statistic* of, 178 , 160 
' Kmv: 

Absolute. 72 
biassed, 73 
compensating. 73 
cumulative, 73 
reUmating of, 74 
probable, 137 , 138 ‘ 
relative, 72 
unbiassed. 72 , 74 
Examination Papon* : 

1/jtidon Association »>f Certified 
Accountants, 207 

London Chamber of t\»mm#res, 205 
Hoval SiM-inty of Art* (Transport), 
' 210 

Society of Incorporated Accountant* 
and Auditor*. 212 , 214 
Union of Lancashire and Cheshire 
Institutes, 20 * 

Kxjwnsre Budget, 158 
Explanatory Kotre to Tab!***. 22 , 30 
Exp*►rt*, Statistics of. 173 , 174 
External Statistics, 11 , 12 
External Trade, Volume and Value, 
174 

Fiv tory Statist in*. 29 
Fallacious figures, 4 
Fallacious graplm. 48 
Fa liar ions us*' of p«ro**nt*gre, 75 
Figure* not statistics, 4 
Financial data ; 

Curves showing. 144 
published, J75 

Table of Index NundaT*. 176 
f-'inartcxil AVwa Index, 175 
Financial jxwttmn. table, 191 
I'iturnrutl Time* Index, 169 
Fixed haae »n<l#x number*, 102 
Fluctuation* : 
irregular, 144 
long time, 143 
short time, 143 
Footnote* U> Table*, 22 
Forecasting, busmans, 159 
Foreign trade, 173 , 181 
Form of Tabulation*, 30 , 190 
Formula : 

crssfboient of Variation, 2f>4 
correlation, 135 
decile*, 96 
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Formula; 

Pint Moment of diaporaion, 117 
FiWt quaftiK 1*6 
Geometric Average, 82, 204 
Median. 87, 06 
M rule, 03 
Modulus, 120 

Moment* of dispersion, 117, 118, 110 
Peartonian coefficient of correlation, 
185 

Percentile*, 06 

Quart lie coefficient of dispersion, 116 
Quarttl* delation: 
absolute, 116 
relati vfi, 116 
Quartifo*. 06 

Quintile*, 06 

Second moment of «li»p*n»ini), 118 
Hkewn***. 123 

Standard deviation, 118, 120, 204 
third moment of dispersion, 120 
Third quart lie, 06 

Trend by method of leu#t aqua re*, 
148, 140 

Frequency distribution : 

Array hi u*t rating. 80 
comparative. 184 
discrete xenre, 80 
Frequency Polygon, 183 


OAlton Graph. *87, 180 
Gantt (..hart, 31 

Geographical dwtributnm. 46, 47 
Geometric Average or Maun, 82 
advantage* of. K3 
averaging ration. 82 
computation, 82, 203 
example of u«\ 162 
disadvantage* of. 84 
uxc of logarithms, 83, 202 
Geometric progrreiuun, 14,# 

Graphic Method*, 45 
Graph*. Stt Cone ('hurt*. 
Grouped aerie*. 88 
Group*. Statistical, 75 

Harmonic Mean, 8A 
Heading* in tabulation*. 30 
Hlxtogram, 03, 04 
location of mode hy, 03 
Historical Analysis, 150 
Historical Variation*, 78 
Historigram, 5H 
Hollerith and Powers*: 

Sorting ansi Tabulation, 37 to 43 
Homogeneity of l T nit«. 8 
Horizontal War (Itart#, 48 
Homootal Scale in (.’hart*, 65. 68 


Import*. Statistic* of, 173 
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Synopsis of Contents : I. Cost A< counting methods are dealt 
with very fully, from the starting of a costing system to the 
completion of many types of cost an hums suitable for various 
industries. II. Stores material: a lull description of routine 
and amounting in connection with the purchase, custody, and 
issue. HI. Lab*nu administration, time-keeping and time- 
booking methods, including tin most up-to-date schemes for 
recording gate and job times. J V. I he remuneration of labour 
by various schemes described in detail with examples, inc luding 
Day Wages, Ordinary and Differential piecework, efficiency 
s\ stems, premium bonus scheme^ and collective bonuses. The 
formula ibr each premium bonus ^ heme is given. V. Over¬ 
head Expenses or Oncost, theii 1 ■ illation, methods of apportion¬ 
ment to shop' or processes; allocation to cost units, the u>n* 
struc'tion of mac bine and labourdmur rates, and other methods 
of recovery described in detail. Depreciation, obsolescence, 
idle time, unproductive labour, and defective work. A scheme 
of Standing Order Numbers is given, together with the organisa¬ 
tion of a typical factory, and the function* of officials and depart¬ 
ments. VI. Terminal or Job G>*t Accounts lor contractor* 
and factories, specimen accounts and cost summaries. V II, The 
Uniform System of Printers 4 A«.« hums. Routine and Completed 
Accounts. VIII. Pro* rw Got Account*, with and without 
by-products, illustrated by several typical sets of accounts, and 
tost sheets for a number of industries. The application ol 
standard cost methods and Budgetary Control. Single, Out¬ 
put, and Operation costs do< ribed and illustrated. IX. Stan¬ 
dard Gist schemes worked out in detail, including cost variance 
accounts and their uses for cost control. A chapter i* devoted to 
Operating Costs. Cost Ledger control systems and recon¬ 
ciliation with the financial accounts with examples. X. Muni¬ 
cipal Costing, w ith full detail* of Costing methods adopted by 
Local Authorities, XL Many examination questions and 
complete examination papers. 
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The Author is a well-known lecturer and practitioner in 
costing, and this book has been written in response to many 
requests by Students and practitioners that he should place on 
record his very considerable experience. Cost Accounting is, 
in this book, dealt with generally - not from the view-point of 
any particular industry. Principles air explained in simple 
language" where technical terms are used their meaning is 
< arefutly and fully defined. 

Contents : Chap. I: Hie Principles of Costing; ('.lasses of 
Cost Accounts; (Comparison with Financial Accounts, (’hap. 
II: Materials; Advantages of Stores Accounting; Outline of 
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Requisitions Wastage. Chap. Ill: Labour; lime Recording; 
Methods of Remuneration ; Idle Tune*; Allocation of Lalxjuit^* 
to Production; Internal Check in Relation t<» the Payment of 
Wages, (’hap. IV: Direct or Chargeable Expenses; Ex¬ 
amples. Chap. V : Indirect Expenses; 'Hie Ascertainment of 
Expenses; Departmental Distribution Summarils; Plant 
Ledgers; Treatment of Depreciation; Interest on (fipiul; 
Rent, Directors' R'lmmemfion, Insurance, etc.; Office and 
Administrative Expenses; Selling and Distributee Expenses; 
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